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PREFACE. 


> 


IN composing this treatise of practical ge- 
| ometry, it has not been my intention to ex- 
plain or demonstrate the principles of the 
different branches of science upon which it is 
founded, this having been already done, by 
Authors who are well known, and whose 
works are in the hands of the Publick; but 
my chief views have been to collect together 
such parts as I thought most necessary for 
those who make the art of war their profes- 
sional study, and to apply them practically, 
in as concise a manner as is consistent with 
perspicuity, in order that they may easily 
comprehend all that is essential to be known, 
and readily recollect, or apply what they may 
have been taught before. Those whose em- 
ployment it is to teach the mathematical 
sciences, will readily agree, that nothing con- 
tributes so much to strengthen the mind, 
and assist the memory of a learner, as to 
have it in his power, to find, in an abridg- 
ment, the substance of what he has pre- 
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viously learnt, as this soon brings again to 
his recollection the knowledge he may have 
lost, and by degrees enables him to acquire a 
habit of studying, that, in the end, will 


lead him to make more use of his judgment 
than of his memory; which, in all cases, 
where it is required to direct the mind to any 


new subject, will be found a matter of the 


utmost importance. 


As I intend to publish 1 a treatise 


of practical geometry on the ground, in 


which the application of trigonometry will 


science in this treatise; and have only to 
hope, that the various problems which I 


have here collected, with great care, and 
assiduity, will be found to answer the pur- 
pose for which they were intended. 
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PRACTICAL GEOMETRY. 


DEFINITIONS, 


A Point, is that which has no parts or 
magnitude. 

A line, is that which has length, without 
breadth or thickness, as AB, fig. 1. Pl. 1. 
Lines are of three kinds, straight lines, 
curved lines and mixed lines. 

A Straight or right line, is the shortest that 


can be drawn from one point to another, as 


AB; fig. 1. FE © 
A curve, 18 a line which continually changes 
its direction from one point to ANOTIET,. AS 


ed, fig. 2. Pl. 1. 


A mixed line, is composed of a straight line 
and a curve, as BCD, fig. 3. Pl. 1. 
A surface or superficies, is that which has 
length and breadth without W a. 
u, fig. 4. Pk 1, | 


A Jolid, is that which has length, Neadth 
and thickness, as B, fig. 5. Pl. 1. 


B 8. A per- 
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A peak is a line c p, which ends 
on another line AB, and does not incline 
more to one side of it than to the other, 
as fig. 6. Pl. 1. 
A tangent, is a line which en a circle, 
or any other curve, without cutting it, as 
HT; and the point c, where the line Hr 
touches the arc A Cc B, is called the point of 
contact, fig. 7. Pl. 1. 
A secant, is a line which cuts a circle, ar 
any other curve, as A B, fig. 8. Pl. 1. 
Parallel lines, are those which have no in- 
clination to each other, being every where 
equidistant, though ever so far produced, as 
AB, cb, fig. 9, and E F, GH, fig. 10. 
PL. 1. 
An angle, 1s the inclination of two lines, 
AB, BC, which meet in a point B, called 
the vertex, or angular point; and the two 
lines, AB, B c, are called the legs, or Sides 
of the angle B, fig. 11. Pl. 1. 
When several lines proceed from the same 
point, forming different angles, it is ne- 
cessary to make use of three letters to dis- 
tinguich them from each other, always 
placing that letter in the middle which 
denotes the vertex, as ABC, CBD, or AB o, 
fig; 12. FL. . - | 
14. A rectilinear, | or right Lined angle, is that 
whose 


15. 
16. 
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whose legs or sides are right lines, as ABC, 


fig. 11. FJ: Fo 


A curvilinear angle, is that whose legs or 
sides are curves, 38 B, fig. 13, FEE. 


A mixtilinear angle, 1s that which is com- 
posed of a right linę and a curve, as c, 


oy fig. 14. PL x; 


F7. 


18. 


19. 


20. 


26. 


22. 


The measure of a rectilinear angle FBH is 


the arc FH contained between its sides 


BF, Bu, fig. ic. PL x. 

A right angle, is that which is formed by 
one line being perpendicular to another, 
as CAB, the measure of which 1s an arc 
cB of 90 degrees, fig. 1 FE I. 5 
An acute angle, is that which is less than a 
right angle, or whose measure 1s less than 


9o degrees, as DEF, fig. 17. Pl. 1. 


An obtuse angle, is that which is greater 
than a right angle, or whose measure ex- 
ceeds go degrees, as B EF, fig. 17. Pl. 1. 


An angle which is either acute or obtuse, is 
called an oiquè angle. 


The complement of an arc or angle, 18 what 8 
wants of 90 degrees; thus the are Ac, or 
the angle a Bc, is the complement of the 
arc AD, or of the angle ABD, g- 18. 
2 


The supplement of an arc, is what it wants of 


a semicircle, or of 180 degrees; thus the 


1 — arc | 
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8, A perpendicular, is a line ep, which stands 
on another line A B, and does not incline 
more to one side of it than to the other, 

as fig. 6. Pl. I. | 

9. A tangent, is a line which touches a circle, 
or any other curve, without cutting it, as 
u; and the point c, where the line u T 
touches the arc Ac B, is called the point of 
contact, fig. 7. Pl. 1. 

10. A 5ecant, is a line which cuts a circle, or 

| any other curve, as AB, fig. 8. Pl. 1. | 

II. Parallel lines, are those which have no in- 

 clination to each other, being every where 
© equidistant, though ever so far produced; as 
„ fig. 9, and EF, GH, fig. 10. 

. . 

12. An angle, is the 8 of two lines, 
AB, BC, which meet in a point B, called 
the vertex, or angular point; and the two 
lines, AB, Bc, are called the legs, or Sides 

of the angle B, fig. 11. Pl. 1. 

13. When several lines proceed from the same 
point, forming different angles, it is ne- 
cessary to make use of three letters to dis- 
tinguich them from each other, always 

placing that letter in the middle which 
denotes the vertex, as ABC, CBD, or AB p, 
fig. 12. Pl. F. 

14. - of. reclilinear, or right lined angle, is that 

whose 


1 
16. 
17. 


. 


26. 


22. 


23 


the angle AB c, is the complement of the 
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whose legs or sides are right lines, as ABC, 
ſig. 11. FL. 


A curvilinear angle, 1s that whose leg or 
sides are curves, as B, fig. 13. Pl. 1. 


A mixtilinear angle, is that which is com- 
posed of a right line and a curve, as c, 
Hg: 14. © +. 
The measure of a rectilinear angle r r B H is 
the arc FH contained between its sides 
By, Bu, fig, xc. FL 
A right angle, is that which is formed. by - 


one line being perpendicular to another, 


as CAB, the measure of which is an arc 


CB of 90 degrees, fig. 16, PI. 1. 
An acute angle, is that which is less than a 


right angle, or whose measure 1s less than 


90 degrees, as DEF, fig. 17, FE 
An objuse angle, is that which is greater 


than a right angle, or whose measure ex- 
ceeds 90 degrees, as B Er, fig. 17. Pl. 1. 
An angle which is either acute or obtuse, is 
called an oblique angle. | 

The complement of an arc or angle, is what it 
wants of 90 degrees; thus the are ac, or 


arc AD, or of the angle AB p, fig. 18. 
PL I. | | 
The supplement of an arc, is what it wants of 
a semicircle, or of 180 degrees; thus the 

| „„ arc 


bh 


25. 


26. 


27. 


28. 


19. 


30. 


31 
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arc EF is the supplement of the arc FD, 


bs. 19. PL T. | 

A circle, is a plane figure W by a 
curve line AB e DA, called the circumfe- 
rence, and which is every where equally 
distant from a given point o, called the 
centre, fig. 0. 1: 

The radius of a circle, is a right . ON, 
drawn from the centre to the circumference, 
ng. at. PI, I. 


The diameter of a circle, is a right line A B 


passing through the centre o and terminated 


by the circumference, fig. 22. Pl. 1. 


An arc 1s any part of the circumference of a 


circle, as A B, fig. 23. Pl. 1. 
A chord or subtense, is a right line A B, join- 
ing the extremities of a anarcAEB, fig, 24. 


. 


A Semicircle, is that part of a circle which is 


contained between the diameter AB and 


half the circumference A B, fig. 25. Pl. 1. 


A- quadrant, is the fourth part of a circle, 
or that which is contained between two 


radii and an arc of 90 degrees, as u, hg. | 


236. F1. , 


The terms circle, semicircle and quadrant 
sometimes denote the entire figures, and 


sometimes only the arcs by which they are 


dounded - 
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A cpa of a circle, is that part of a circle | 
which is cut off by a chord, as AB E, fig. 
24. Pl. 1. | 8 
A Sector of a circle, is that part of a cirele 
which is contained between two radii c A, 
CB, and the arc A B, fig. 27. Pl. 1. 

The circumference of a circle is supposed 


to be divided into 360 equal parts, called 


degrees; each degree into 60 equal parts, 
called minutes; and each minute into 60 


_ equal parts called Seconds, &c. and these 


divisions are thus distinguished 329. 26”. 15”, 
that is, 32 degrees, 26 minutes, and 15 se- 
conds. 

Plane figures bounded by three right lines, 
are called triangles. 

A triangle which has its three sides equal, 


is called an equilateral triangle, as ABC, 
fig. 28, Fi... 


A triangle which has only two equal sides, 


is called an 7sosceles triangle, as DEF, fig. 
29. Fi. ti. 

A triangle which has all its sides unequal, 
is called a scalene triangle. = 
A triangle which has a right angle, is 


called a rectangular, or right-angled triangle, 


as BAC; and the side Bc opposite to the 
right angle a, is called the DOR 
li 30. Pl. 1. 

B 1 40. A triangle 
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A triangle which has an obtuse angle, is is 


called an obtuse angled, or ambligonal triangle 


as DEF, fig. 31. PL, 1. 


A triangle which has all its angles acute, is 
called an acute-angled, or oxigonal triangle, | 


7 260. FL. 
A triangle which has no right angle, i 


called an ob/:que triangle, as fig. 28, 29, 31. 
. 


The three angles of any hw nals, taken 
together, are equal to two HEN angles, or 


- 180 degrees. 


The height, or altitude of a figure, is a per- 
pendicular A b let fall from any one of the 


angles to its opposite side 3 c, called the 


base, fig. 32. Pl. 1. or to the prolongation 


of the base, as in fig. 33. 


Plane figures, bounded by four right lines, 


are called quadrangles, or quadrilaterals. | 
A Square, is a quadrilateral, having all its 


sides equal and all its angles right angles, 


as a, fig. 34. FL 1. 


A parallelogram, is a quadrilateral, whose 


opposite sides are parallel, fig. 35,3 36, 37. 
. 


A rectangle, i is a parallelogram, whom angles 


are all right angles, fig. 34 and 35. Pl. 1. 


A rhomboid, is an oblique angled parallelo- 


gram, fig. 36. PL x. 


50. A rhombus, 


12 
1 


28 


4's, I 


50. 
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A n or ee is a quadrilateral 


Whose sides are all equal, but its angles 


(IF 


oblique, as fig. 37. Pl. 1. 
A trapezium, is a quadrilateral, which has 


none of its sides Parallel to each other, 


fig. 38, Pl. 1. 

A trapezoid, is a quadrilateral which has 
only two of Its opposite sides Parallel, 
fig. 39- Fl. x; 
A diagonal, is a right line joining any two 


opposite angles of a quadrangle, as AB, 


fig. 40. Pl. 2. 


| Ly 


Plane figures, bounded by more chan four 
sides, are called Polygons. 
A regular polygon, is that which has all its 


sides and angles equal, as fig. 42, 43, &c. 
. 


An irregular polygon, is that which has its 


sides and angles unequal, as fig. 41. Pl. 2. 

Polygons have particular names according 
to the number of their sides; thus, a polygon 
of 5 sides, whether regular or irregular, is 
called a pentagon; of 6 sides, an hexagon; of 
sides, an heptagon; of 8 an oclagon; of ga 
nonagon; of 10 a decagon; of 11 an unde- 


cagon; and of 12 a dodecagon, as fig. 42, 


43, 44, 45, 46, 47. 48, and 49. Pl. 2. 

Similar figures, are such as have all their 

angles A, B, e, D, 2, , b, e, d, & meber- 
B4 | ney 
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tively equal, each to each, and their sides 
AB, BC, CD, &c. ab, be, cd, &c. about 
the equal angles proportional, as fig. 50 


and 51. Pl. 2. 


59- 


Homologous sides are those sides in similar 
figures, which are proportional, or conti- 
guous to equal angles; thus 4B is homo- 
logous to a b, 53 to bc, and so on. Fig. 
50 and 51. Pl. 2. 
Corresponding angles, are those angles in 
similar figures, which are contiguous to 
their homologous sides; as the angle a to 
the angle a; the angle s to the angle b, and 
80 on. Fig. 50 and 51. Pl. 2. | 


0 
* = Sn i. CGR: A y 4 _ . — ama IO * . avey FP . 1 * A f 0 1 - — . 
5 ä n 3 7 a, 8 3 SD 8 / Wn Ee 2 N PF, m8 a EI N Dr I JJͤĩ²ĩ² ͤ 0 T "ag tr tg 8 * : 22 o a o ITS aut. Ie We 1 5 «D522 
n (Se Bo ooo Rot SIG ro 8 Nee 1 r * < J 88 n n E hw We WER cots, So 8 18 wo OY DR SITION 8 . " TYP RP WP SIE WA 4 a og cies * 8 C ES 
S 8 o 8 .. —— . I LI 1 33 3 —¹˙¹•rr {1 Ws 3 - 73 1 JJC ˙ 6k 8 8 3 i * Ws 
4 * by M307 > Pl 312 3 = A, * ee by U 7 2 C ROC egy, * - = * 11 Fr RA + 2 wW * Len 3. „ * 1 v2 9 3 2 WY " 7 PR, 2 > I 6, ** 
* IE. N 9 er e n n . 8 rig IG: 3 . TS . FLY * . : 8 $ I PU CONE 11 8 8 833 Wah, Kg "I 9 7 e 42A 
a ov 8 5 8 4 A wr * VCC TT . es WE EE ES et ONT Le CRE 4 x EG TNA a BELT bone nt Eo: Wc r IF e d wat. 
LBS 2 8 ccc = WE RT TEIN © ) ß K ee EY r 
Wy fink. : : 7 8 2 by 7 8 1 ST As * 5 2 2 . 


. 


19 þ 


PRACTICAL GEOMETRY. 


| SBCT.-I.- 
| LIxESs, AnGLts, and FIGURES. 
— 
prob. 1. 


To divide a 8 right line AB into two * | 
parts. fig. I. Fl. 3. 


Method 1. From 4 and B as centres, and 


with any radius greater than half A B, describe 


arcs cutting each other at e and o. Through 


c and p draw a line o, and E will be the 


point of bisection of the line A B. 


Method 2. When the line is near the ex- 
treme edge of a plane. fig. 22. Pl. 3. 


From 4 and B as centres, and with any radius, 
describe arcs intersecting each other in Ex; from 
the same centres 4 and B, with any radius less 
than the former, describe arcs cutting each other 
in b. Through x and p draw Ee, which will 
divide 4 B into two equal parts. . | 

| | Method 
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Method 3. By the line of lines on Land rector, 
Hg. 2. Pl. 3- ; 


| Take the length AB in the compasses. Open 
the sector till this extent forms a transverse. 
distance between 10 and 10. Take the length 
from 5 to 5 on the same line, and it will be the 
half of a B as required. 

Note. By this method, any line may be di- 
vided into 2, 4, 8, 16, 32, 64, 128, &c. equal 
parts, by successively dividing each subdivision 
into two. 6. 

Prob. 2. 
To divide a given arc AB into two equal pat ts, 
fig. 3. Pl. 3. 

From 4 and B as centres, with any opening 
in the compasses, more than half AB, describe 
arcs cutting each other at c and o. Through 


their intersections draw a line ©D, and E will 
be the point of bisection. 


Prob. 3. 


Jo erect a perpendicular on a given line B c, 
From a given point A in 11, fig . 


Set off on each side of the point 4 any two 

equal distances AD, AB. From p and x as 

centres, and with any radius greater than half 
| kg 
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'DE describe two arcs intersecting each other in 
r. Through the points a and er draw the line 
A r, and it will be the perpendicular required. 


Prob. 4. 


To erect a perpendicular at, or near the end of a 
given line c D, fig. 5. Pl. 3. 


Method 1. From any point 4 as a centre, 
and with AD as a radius, describe an indefinite 
arc BDE. Through B and a draw the line 
BE, and join DE, which will be the perpen- 
dicular required. | 


Method 2. fig. 6. Pl. -4; 


From the point B with any radius, describe an 
indefinite arc ac D. Set off the same radius 
AB on thearc AD, from a toc, and from c to 
D. From the points c and p, with any radius, 
describe arcs cutting each other in tz. Through 
B and E draw the line B r, and it will be the 
perpendicular required. | | 


Method 3. fig. 7. Pl. 3. 


From c to p set off any length 4 times; from 
c as a centre, with 3 of the same parts, describe 
an arc at x, and from p, with 5 of them, cut the 
arc k. Through x and c draw the line ox, 
which will be the perpendicular required. This 
method is generally called raising a perpendi- 
cular by the numbers 3, 4, and 5. 


Note. 
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Note. Any equimultiples of these e 


may be used for erecting a perpendicular at the 


end of a given line, as 6, 8, and 10; 9, 12, and 
15, &c. which several lengths may be taken 
from any plane scale. | 


Method 4. fig. 8. Pl. 3. 


From any point E, taken in the line A B, as a 
centre, and with E B as a radius, describe the 


indefinite arc B r. From B, with the same radius, 


cut B r in c; and from c as a centre, and with 
CB as a radius, describe the arc BD, on which 
set off the extent B c twice, that is, from B to 6, 


and from G6 to b. Then join the points B and 


D, and it will give the perpendicular required. 
Prob. 5 


From a point Db, out of a > line A „ 40 let 


Method 1. From p as a centre, and with any 
radius, describe an arc intersecting the given 
line. From the points of intersection c and E, 
with any radius, describe two arcs cutting each 
other at r. Then through p and er draw a line, 
and D & will be the perpendicular required. 


Method 2. When the point E is nearly opposite 
to the end of the line à B, fig. 10. Pl. 3. 


Through r draw a line cutting 4B at any 


point c. Bisect Cx; and from the point of 


bisection 


PRACTICAL GEOMETRY. 13 
bisection D as a centre, and with D E as radius, 


describe an arc EF. Then join BF, and it 
will be the E required. 


Method 3. fig. 11. Pl. 3. 

£ | . —— , 145 
From 4, or any other point, in A B, with any 
radius a p, describe the arc p E, and from any 
Point c, with the radius op, describe another 
arc, cutting the former one in o and x. Then 
join p and x, by a line p E, and D r will be the 
perpendicular required. 


Pr ob. 6. 
Through a given point e, to draw a line parallel 
lo a given line x , fig. 12. Pl. 3. 
Method 1. From any point D in the line 4 B, 
as a centre, with the radius Þ c, describe the 
arc c E; and from c, with the same radius, de- 
scribe the arc Dr. Take tc in the compasses, 
and set it off from Þ to r. Though c and r, 
draw 6 h, which will be the parallel required. 
Method 2. fig. 13. Pl. 3. 
From the given point p, take the length p x, 
by describing from o as a centre, an arc to touch 
A B, without cutting it; and with the same length, 
from any point & in the line 4 B describe an arc 
HI. Then through p draw E a tangent to the 
arc H I, and it will be the parallel required. | 
Method 3. 
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| Method 3. When the parallel line is to 1 at 
a given distance MN, fig. 14. Pl. 3. 


From any two points 6 and x in the line A3, 


as centres, and with MN as a radius, describe 


the arcs n and r. Draw c p touching these arcs, 
in Hand r, and it will be the parallel required. 


Method 4. When the parallel is required to be 
drawn at a considerable distance from a given line, 
Spe. 25. Pl. 3. 

From any two points G and n in the given 
line A B, erect the perpendiculars G c, H D, 
( Prob. 3. and 4.) on which set off from & to e, 
and from H to p the given distance. Then 
join cp, and it will be the parallel required. 

Perpendiculars and parallel lines may be drawn 
by an instrument, called the German parallel 
ruler. It consists of a right angled triangle 
Pl. 4, commonly called a Square 


Usz of the ANGLE and RULER. 
Prob. 7. 


To erect a perpendicular at any point e in the 
given line A B. fig. 2. PE 4 . 
Method 1. Apply one of the perpendicular 


sides E r, of the angle, upon the line a 3. Lay 
8 the 
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the ruler HI againſt the side EO; and keeping 
it steady, slide the angle upwards, till the side 
F.G touches the point c. Then draw c p, and it 
will be the perpendicular required. 

Method 2. fig. 3. Pl. 4. Apply the longest 
side G E of the angle upon the line A B. Lay 
the ruler HI against the side r. Keep it 
Steady, and turn the angle so that the side r may 
be laid against the ruler; then slide the angle 
upwards, till the long side of it touches the 
point e; after which draw o p, and it will be the 
perpendicular required. : 


Prob. 8. 


Through a given point c to draw a line parallel 
_ t6 a given line AB, fig. 4 and 5. Pl. 4. 

Place one of the edges of the angle o upon the 
line a B. Lay the ruler against one of che other, 
edges of the angle, and keeping it steady, slide 
the angle till the same edge which had been 
placed upon the line a B, touches the point o; 
then through c draw E, which will be the pa- 
rallel required. 

Note. With this instrument it is also easy to 


describe squares and parallelograms. 


aa 

To divide a given line AB into any number of 
> qual Parts, fig. 6. Pl. * for instance into 5. | 
Method 1. 


16 PRACTICAL GEOMETRY, 
Method 1. Through a draw an indefinite line 


AM, making any angle with A B. Set off on 


this line, from a to G as many equal parts of 
any length as a B is to be divided into. Join 
BG, and parallel to it draw Fi, EK, DI, CH, 
which will divide the line A B as was required. 


Method 2. fig. J. Pl. 4. From the end A of 
the given line as, draw ac, making any angle 
with a B. Through the end B, draw B p parallel 
to A c. Set off from a to as many equal parts 


less one, as AB is to be divided into. Set off 


the same number of these parts from B to r. 
Then draw the lines G E, HM, IL, r k, and they 
will divide A B as was required. 5 


Method 3. fig. 8. Pl. 4. Through B draw c x, 
making any angle with AB. Take any point E, 
through which draw E D parallel to as. From E 
to b, set off as many equal parts of any length, 
as 4B is to be divided into. Through p and 4 
draw D 4, and produce it till it meets E in c. 
Then lines drawn from the points r, 6; H, 1 to 


the point c will divide the line A into the 


required number of equal parts. 


Method 4. fig. 9. Pl. 4. By the Sector. 


Suppose it be required to divide the given line 
AB into seven equal parts. Multiply 7 by any 


number, for instance by 10, which will make 70. 
Make 
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Make aBa transverse distance between 7o and 
7o, on the line of lines; then keeping the sector 
thus opened, take with the compasses the trans- 
verse distance between 10 and 10, which will be 
the 7th part required. 

Note. If the given line ahold be too 8 ä 
to be applied to the legs of the sector, divide 
one half, or one fourth of it, by 7, and the 
double, or quadruple of this 7th * will 
divide the given line as required. 


 * Prom. 4 
To cut off from a given line AB, which is Sup= 
Posed to be very short, any ann part, fig. 
4 | | 


Suppose for 1 instance, v, 1, Fr, Kc. should 
be required. From the ends a and 3, draw 
Ap, Bc, perpendicular to az. From 4 to 5 
set off any opening of the compasses 12 times, 
and the same from B to c. Through the divi- 
sions I, 2, 3, &c. draw lines 1 f, 2 8 
parallel to a 3. Draw the diagonal Ac, and 1d 
will be the * of aB; 2c, rs, and so on. The 
same method is made use of for obtaining any 

other proportional part of a given line. 


; Prob. 11. 


To make a diagonal scale of feet, inches on 5. 
of an inch, bg. Hs Fl-4- 


EY „ Draw 


. 


EM 
= 


1 
2 
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Draw an indefinite line 4 3, on which set off 
from 4 to B the given length for one foot, any 
required number of times. From the divisions 
A, c, H, B, draw AD, CE, &c. perpendicular to 
AB. On av and Br, set off any length ten 
times; through these divisions draw lines pa- 
rallel to A B. Divide ac and Dt into 12 equal 
parts; each of which will be one inch. Draw 
the lines A 1, G2, &c. and they will form the 
scale required, (prob. 10. ). 

Note. A scale which has one of its subdi- 
visions divided into 10 equal parts by a diagonal 
line, is called a decimal scale, and a duodecimal 
Scale is one which is divided into 12 equal parts. 
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12 ob. 1 | : 
To find a third proportional to teoo N lines M | | 
and x, fig. 12. Pl. 4. 4 
Draw two right lines making any angle DAE; 
in these lines take a c, equal to the first term M ; 
and A x, AB, each equal to the second term x: 
join z, c, and through ꝝ draw E D parallel to o; 
then Ap will be the third proportional required. 
That AC An: A. 
G 8 AP. 


By the Sector. 
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Open the sector, and make AB a transverse 
distance between 20 and 20, on the line of lines 
marked 1. With the same opening of the sec- 
tor, find the transverse measure of op, which 
suppose 30. Make cp a transverse distance 
between 20 and 20; then take the extent between 
30 and 30, and it will be * third POR: 


Ey required. 


Thani 58 : CD :: CD: EF. 


Case 2. MHhen the Proportion is decreating, 


bs. 14. Pl. 4. 


Open the sector, and make AB a transverse 


distance between 100 and 100; with the same 


opening of the sector, find the transverse dis- 
tance c p, which suppose 70. Make c Þ a trans- 
verse distance between 100 and 100. Then 
take the extent between 70 and 70, and it will 


be the third proportional x r required. 


That is, 4: C G 3 BI: 
Note. When the lines of the first and second 
term are too small, they may be doubled, or 


tripled ; and having found the third term, the 


half, or third of it, must be used accordingly. 
And when the lines of the first and second term 
are too extensive, one half or one third of them 
may be taken ; and having found the third pro- 


8 portional, it is to be doubled or tripled ac- 
| Jy 


C 2 . TY 
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Prob. 1 3. 


To find a fourth proportional to three given lines, 
M, N, o, fig. 15. Pl. 4. 
Draw two lines, making any angle whatever, 
as DAE. In these lines take a B equal to the 
first term M; A e equal to the second ; and 
4b equal to the third o. Join Bc, and through 
the point o draw DE parallel to B c, and AE will 
be the fourth proportional required. 

That 8, „ee: AE. 

! 74H 


By the Sector. 
Case 1. When the proportion is increasing, fig. 
.. 5 
Make the first term a s a transverse distance 
between 20 and 20, on the line of lines. Find 
the transverse measure of the second term c D, 
which suppose to be 30. Make the third term 
EF, a transverse distance between 20 and 20. 
Then the measure between 30 and 3o, will be 
the fourth proportional ix required. 8 
That is, AB: CD :: ET: MN. 
Lase 2. When the . is Rs: fig. 
IL 4. — | 
Make the first term as a transverse 1 


between 100 and 100; find the transverse mea- 
sure 


I, 


PRACTICAL GEOMETRY. 21 


sure of the second term c D, which suppose is 70. 
Make the third term E a transverse distance 
between 100 and 100. Then the measure be- 
tween 70 and yo, will be the fourth proportional 
MN required. ; 
That is, AB: p:: ET: MN. 


. 14. 


25 0 find a mean Proportional between two lines, A 
and 8, hg. 1. Pl. 5. . 


Draw any line, in which take op, equal to a, 
and DE equal to B. Bisect ct in r, and with 
F C as radius, describe the semicirele c E. From 
the point p draw o 6 perpendicular to e E, and 
D will be the mean proportional required. 
That is, en: de: d 
or, A Þ6 2 


Prob. 45. 
To find a mean proportional between the extremes, 
AB, BC, fig. 2, Pl. 5. 


Bisect A B, and from the point of bisection F, 
as a centre, and with F a, or FB as a radius, de- 
scribe the semicircle AEB. From c draw CE 
perpendicular to AB, and join EB, which will 
be the mean proportional required. | 

That ie, 1e ,, URI A 


og Prob. 
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Prob. 16. 
To divide a line a B into extreme and mean pro- 


Pw fig. 3. Pl. 5. 
7. Method 1. 


Draw the line a p perpendicular to A B, and 
make it equal to half as. Join Ds, and from 
D as a centre, with p A as a radius, describe an 
arc cutting 3; D in x. From as a centre, and 
BE as radius, describe an arc intersecting AB in 
c, which will divide the line 4a B according to 
the required proportion. | 
| That is, A3: BC :: BC : AC, 


Method 2. By the sector, fig. 4. Pl. 5. 

Case 1. Make AB a transverse distance be- 
tween 60 and 60, on the line of chords. Then 
take the transverse distance between 36 and 36, 
and set it off from B to c, which will divide the 
line A B as was required. : 

That is, AB: BC :: BC: Ac. 


Prob. 17. 


To divide a line as in the game proportion as 
another given line, e b. fig. 5, Pl. 5. 


Draw 4 n, making any angle with a 3. Upon 
A set off the several di visions of c d. Join n B, 
and parallel to it draw the lines L M, KN, 10; 
and AB will be divided as was required. | 


Prob. 
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Prob. 18. 
7 drat 4 tangent to a given circle, passing 
through a given point A. 


Case 1. When the point Arts in the circumfe- 
rence of the circle, fig. 6. Pl. 5. | | 

From the center o draw the radius o a. Then 
through the point a, draw c o perpendicular to 
o 4, and it will be the n required. | 


Case 2. When the point 4 75 without the cirele, 


fg. Pl. ;. 
From the centre o 8 OA, and bisect it in 
ru. From the point r, with 5 A, or F o, as a radius, 


describe the semicircle AD o, cutting the given 
circle in d. Then through the points a and p, 


draw A B, and it will be the tangent required. 


Prob. 1 9. 


To find the point where a line AB touches the 
circumference of a given circle, fig. 8. Pl. 5. 


From the centre e let fall the perpendicular 


cx upon AB, and the intersection v will be the 
Point of contact required. | 


P F ob. 20, | ; 
To divide a given angle ABC into two equal 
parts, fig. 9. FL <, 
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From 8B as a centre, with any radius, describe 


an arc ac. From 4 and c, with any radius, 


describe arcs intersecting each other in p. Then 
draw BD, and it will bisect the angle, as required. 


Prob. #1. - * 
To divide a right angle a BC into three equal parts. 
fig. 10. Pl. 5. 


From B as a centre, with any badi, describe 


the arc Ac. From 4, with the radius A B, cut 
the arc Ac in p; and with the same radius from 
cé cut it in Ek. Then through the intersections D 


and E, draw the lines BD, BE, and they will 
trisect the angle, as was required. 
Prob. 22. 


T o divide any given angle, A 5 c, into three equal 
parts, fig. 11. Pl. 5. 

From B, with any radius, describe the circle 

Ac DA. Bisect the angle a B c, and produce A B 


to o. On the edge of a ruler mark off the length 


of the radius a 3. Lay the ruler on p, and move 
it till one of the marks on the edge intersects B; E, 
and the other the arc ac in G. Set off the dis- 
tance c from G to F; and draw the lines s x, 
BG, and they will trisect the angle AB c. 


The construclion of an instrument to divide a 


| given angle into any e, of equal Pars bg. 12. 


Pl. 8. 
This 
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This instrument is composed of a curve As 
and a right angle A B s, made of a thin plate of 


brass, horn, or paste-board, and the curve, 


which is called the guadratrix of Tochirnbausen, 
is described as follows. . 


Draw B A perpendicular to 3 r, and with any 


radius describe the quadrant a T. Divide the 
quadrant into any number of equal parts, and 
the radius AB into the same number of equal 
parts. From the divisions 6, n, 1, k, &c. draw 
lines parallel to B T; and from the points c, D, E, F, 


&c. draw the lines cB, DB, EB, &c. Then 


through the intersections L, M, N, O, &c. de- 
scribe the curve As, and it will be the one re- 
quired. | 


__ Prob. a 
70 divide a given acute angle 1K1, into five 
equal parts ; by the quadratrix, fig. 13. Pl. 5. 


Case 1. Apply the side a B of the quadratrix 


upon IK, the point B corresponding with the 
angle x. Draw a line along the curve as, cut- 
ting KL in r. Remove the instrument, and 
from y let fall the perpendicular rx upon I k. 


Divide ꝝ 1 into five equal parts, and through the 


points of division, draw c, DN, &c. parallel 
to EF. Then from their intersections, M, N, o, p, 
draw the lines K M, KN, ko, KP, and they will 
5 | divide 
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divide the angle 1 K L, into the number of equal 


Parts required. 


Case 2. hen the given angle is an obluse angle, 


i 


From B, with any radius, describe the arc Ac. 
Bisect the angle AB e, and divide one of the 
halves as ABD, into five equal parts, by the 


quadratrix. Set off the distance A (being 3 of 


the angle AB Dp) from E to r, from r to o, and 
from G to h. Then through , 8, n, draw 
lines B E, BF, BG, BH, and they will divide the 
angle A B C into the number of equal parts re- 


quired. - 
Prob. 24. 


At the point D Io mate an angle E Dr equal 40 a 


given angle A B c, fig. 15. Pl. 5. 


From B, with any opening in the compasses, 
describe the arc ca, From p, with the same 
radius, describe the arc Er. Take the length 
Cc 4a, and set it off from x to r. Then through 
r, draw the line pr, and the angle ꝝx Dr, will be 
equal to the angle a B c, as was required. 


Prob. 25. 


At the point ©, in a given line AB, to lay down 


an angle of any number of * ig, 16. Fl. 5. 


Method 
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Method 1. By the protractor. 

Suppose the given angle to be of «<5; degrees. 
Apply the diameter of the protractor to the line 
AB, so that the centre may coincide exactly 
with the point c. Make a mark against 55 on 


the edge of the protractor at Dd. Then remove 


the instrument, and draw a line from c through 
the point o, and the angle 3 c D will contain the 
number of degrees required. 


Method 2. By the line of chords on the pro- 
tracting ſcale, fig. 17. Pl. 5. 

Take the first 60 divisions, or degrees from 
the line of chords, and from the point c, with 
this distance, describe the arc Bd. Take the 
length of 55 degrees from the same line of 
chords, and set it off from s to D. Then draw 


the line cp, and the angle Bc», will contain 


the number of degrees required. 

Note. If the number of degrees are more than 
go, they are to be set off at twice. 

Thus, should the angle as c, fig. 1. Pl. 6. 
be of 120 degrees. From 3, with 60 degrees, 
describe the arc A De, on which set off 60 de- 


drees twice; that is from 4 to p and from o to 


Cc. Then through c draw 4B, and the angle 
AB c will be the one required. 

If the angle p = x. fig. 2. Pl. 6. should be of 
an odd number of degrees, as for instance 107. 
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After having described an arc DF with 60 de- 
grees, set off from p to G 60 degrees, and from 


s tor, 47 degrees, (the difference between 60 


and 107). Then through r draw the line Er, 
and DEF will be the angle required. 


Method 3. By the line of chords on the Sector, 
I. 6. 


Case 1. When the given degrees are under 
60?®. as for instance 40. From A with any ra- 
dius A B, describe an arc B E. Open the sector, 
till the same radius a B makes a transverse dis- 
tance between 60 and 60, on the line of chords. 
Take with the compasses the trans verse distance 
from 40 to 40 on the same line of chords, and 
set it off from B to c. Then through c draw c 4, 


and BAC will be the angle required. 


Case 2. When the given degrees are more than 
60, fig. 4. Pl. 6. | | 

Open the sector ne describe- an arc BE as 
before. Take Z, or +5 of the given number of 
degrees, and set them off from B to c and from 
e to p; that is twice if the degrees were hal ved, 


or three times if the third part was used as a 
transverse distance. 


Case 3. When the; vor PE is less than 6* 
suppose 3. „ 


From a with any radius 4 B, deacribe an arc 


BC, and set off the same radius from B to c. 


Open 


PRACTICAL GEOMETRY. 29 


Open the sector as before, and take the trans- 


verse distance from 57 to 57, and set it off from 
c to d. Draw A p, and the arc p B, or the angle 


B A D, will contain the given number of degrees. 


Prob. 26. 


To find the number of degrees contained in a given 


angle B Cp, fig. 16. 5 
Method 1. By the prot ractor. 


Apply the diameter of the protractor to the 
line c-B; so that its centre may coincide exactly 
with the angular point c; then the degree upon 


the edge, cut by the line c D, will be the mea- 


sure of the given angle. 


Method 2. By the line of chords on the pro- 


tracting scale, fig. 17. Pl. 5. 


Case 1. When the angle is less than 90 degrees. 


From the angular point c, with the chord 
of 60 degrees, describe the arc B Db. Then 
take the distance BD, and apply it to the line 
of chords; and it will shew the number of 
degrees contained in the angle. 


Case 2. When the angle is more than 90 degrees, i 


fig. 2. Pl. 6. 


From the angular point 2 with the radius of 
bo degrees, describe the arc Dr. Set off the 


same radius from D to c, and measure the re- 


mainder G F on the line of chords, which being I 
added 
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added to Ds, or 60, will give the number of 


degrees contained in the given angle. 


Method 3. y the line of chords on the sector, 


me. y. FL 6: 


Case 1. When the given angle B a c, is less than 
bo degrees. 

From the angular point a, with any radius, 
describe the arc Bz. Open the sector, and make 
AB a transverse distance between 60 and 60. 
Take the length s c, and measure it on the same 
line of chords, which will shew the number of 
degrees contained in the given angle. 


Case 2. / hen the given angle D E F is more than 
60 degrees, fig. 2. Pl. 6. 


From the angular point E, with any radius, 
describe the arc DF. Set off the radius ED from 
D to G. Open the sector, and make the same 
radius ED a transverse distance between 60 and 
60. Take the remainder Gr, and measure it 
on the same line of chords, which add to the 


arc DG, and their sum will be the number of 


degrees contained in the given angle. 


Case 3. When the given angle B AD appears 


to be less than 6 degrees, fig. 5. Pl. 6. 


From the angular point. a, with any 9 
describe an arc Bc. Set off the radius A B from 
5 to 
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5 to c. Open the sector, and make the same 
radius AB a transverse distance between 60 and 


60. Measure the length be on the same line 


of chords, which being deducted from 60 degrees, 
the remainder will be the number of degrees in 
the given angle. 


Prob. 27. 
On a given chord 4 B, to describe an arc of a 
circle that Shall contain any number of degrees, 
without compasses, or without finding the centre 


of the circle, fig. 6. Pl. 6. 


Method 1. Draw ac making any angle with 
AB. At any point c in Ac, make the angle 


Ac1, equal to the given angle. Through s draw 
D parallel to c1, and the intersection p will 
be one of the points of the required arc. In 
the same manner as many other points r, h, &c. 
may be found, as will be necessary to complete 
the arc. 


Method 2. By which an arc may be described 
mechanically on a given chord a B, fig. 7. Pl. 6. 


Place two rulers, forming an angle ac B, equal 
to the supplement of halt the given number of 
degrees; and fix them in c. Place two pins at 
' the extremities of the given chord, and hold a 
ee in e; then move the edges of this in- 

strument 
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strument against the pins, and the pencil will 
describe the arc required. 

SUPPOSE it is required to describe an arc of 50 
degrees on the given chord as; subtract 25 
degrees (which is half the given angle) from 
180, and the difference, 155 degrees, will be 
the supplement. Then form an angle Ac 3 of 
155* with the two rulers, and proceed as has 
been shewn above. 


Prob. 28. 


On a given line AB to describe a Segment of a 
circle, capable of nas, a given angle, 15 8. 


Pl. 6. 


Bisect AB by the perpendicular ꝝ D. ; Make 
the angles EA B, FAB, GAB, HAB, respectively 
equal ta the difference of the given angles and 90 
degrees; observing that the angle must be made 
on the same side with the segment, if the given 
angle be less than 90 degrees; but on the op- 
posite side, if the angle is greater than go de- 
grees. Then the intersections E, r, c, h, will 
be the centres of the given segments. 


Case 1. When the angle is less than 90 degrees, 
for instance 70, fig. 9. Pl. 6. 


Make the angle BAG equal to 20 degrees, 
and from the intersection G with GA describe 
| | | | | the 


. 


PRACTICAL GEOMETRY. "44 


the arc acs. Then any angle as c, made in 
that segment, will be equal to 70 degrees. 


. When the angle is greater than 90 * 
grees, for instance 120, fig. 10. Pl. 6. 


Make the angle B; A E equal to 30 degrees, and 
from the intersection x, with E A, as radius, de- 
scribe the arc a FB. Then any angle as r made in 
that segment, will be equal to 120 degrees. 


Another method, fig. 11. Pl. 6. 


Make the angles B A D, A BD each equal to the 
given angle. To A p, BD, draw the perpendi- 


culars, ao, Bo. From their intersection o, 


with OA, or o 3, as radius, describe the arc A cc B. 


Then any angle as c, made in that segment, will 


be * to the given angle. 


Prob. 29. 


To find the centre of a groen 3 ACB DEA, 
fig. 12. FL. 6. 


Draw any chord a B, and bisect it by the per- 


pendicular c . Divide e p into two equal parts, 
and the point of bisection o will be the centre 
required. 


"Probe 30. 


To describe the circumference of a circle, through 
any three given points A, B, e, provided they are not 
in a right line, fig. 13. PL 6. . 
„ Draw 
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Draw the lines AB, Bc, and bisect . by 
the perpendiculars Do, EO. From their inter- 
section o, with the distance o 4, oB, or oc, 


describe the circle a B CA, which will be the 
circumference required. 


Prob. 31. 
An arc Ac 1 given to complete the circum- 
ference, fig. 14. Pl. 6 
Mark any three points a, B, c, on the given 
arc; join them by the right lines a B, Bc, and 
proceed as in the preceding problem. The point 
o will be the centre, and o A, oB, or oc, will 


be the radius, for describing the cirvumference 


required. 


Prob. 32. 
i To describe mechintcatly the circumference of a 
circle, through three given points A, B, c, rohen 
the centre is inaccessible, fig. 15. PI. 6. 


Place two rulers MN, R s, cross ways, touch- 
ing the three points a, B, c. Fix them in v by 
a pin, and by a traverse piece T. Hold a pencil 
in a, and describe the arc B ac, by moving the 
angle RAN, so as to keep the outside edges of 
the rulers against the pins Bc. Remove the in- 


strument x v N, and on the arc described, mark 


two points p, E, 80 that their distance shall be 
equal 


5 
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equal to the length B c. Apply the edges of the 
instrument against Dp, E, and with a pencil in G 
describe the arc Bc, which will complete the 
circumference required. 
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_ Prob. 3% 

To divide the periphery of any rectilinear plane 

figure AB Dr, into any number of equal parts ; 
for instance, into Seven, fig. 16. Pl. 6. 


NS 


FaJ 


Produce A indefinitely both ways, and prolong 
B c to , FEton, and A r to 1. Make c 6 equal 
to o D; BM to BG; EH to ET; FI to FH, and 
AL to A 1. Divide E M into 7 equal parts. From 
B, with the radius B, 1, describe the arc 1, 1; 
from c with the radius c 23, the are 1, 1 describe 
also from the points 4, r, E, the arcs 4, 43 5, 53 
6, 6. Then the intersections 1, 2, . 
made by the arcs upon the sides of the given 
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x figure, will be the points of division required. 
= Note. A plane figure having a re-entering 

= 3 angle, as fig. 17. Pl. 6. may likewise be divided 

y . i by the same method, 

8 1 

2 prob. 94. | 

„ To draw a right line equal to the circumference 

i Tz CDEF of a given circle, fig. 18. Pl. 6. 

a Method 1. The diameter of the circle being 

e 


to its circumference, in proportion as 7 is to 22 
al. _ „ nearly. 
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nearly. Divide the diameter Dr into 7 equal 


parts. Draw a line a B, on which set off 3 times 
the diameter pr plus ; of the same diameter, 
and the right line a B will be equal to the given 
circumference, as required. 


Method 2. Hy the Sector, fig. 18. Pl. 6. 


Open the sector, and make the diameter pr, a 
transverse distance between 28 and 28, on the 
line of lines, marked 1. Take the transverse 
distance between 88 and 88, which will be the 
right line required. | 

Note. Here the numbers 28 and 88, are mul 
_ of 7 and 22, by 4. 


Prob. 35. 
7 o describe a circle which ſhall have its circum- 
ference equal to a given line D E, fig. „„ 


Divide v E into 22 equal parts, or its half into 
11. Take 33 of these parts, which will be the 


radius for describing the circumference ABC, as 


required. 
Prob. 36. 


To find a right line vue to any given arc AB, 
fig. 2. Pl. 7. 


First describe the e ende according to 
problem 31. Through the point 4 and the cen- 
„ | WE 
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tre o draw AD. Make cp equal to 3 of the 
radius oc. Draw the indefinite line a x perpen- 
dicular to a bp. Through p and B; draw px, and 
the line A E will be equal to the arc a B nearly. 


Prob. g7. 
To describe an ellipse (commonly called an oval) 
upon a given line A B, fig. 3. PL 7. 


Divide AB into three equal parts. From the 
points c, b, describe the circles A E DI, BHCK. 
Through the intersection x and the centre e, 
draw FE; and through 6 and p the line 6 h. 


From r, with the radius rt, describe the arc 
E K; and from 6, with radius Gn, the arc H, 


and A K B1 will be the ellipse required. 


Prob. 38. 
To describe an ellipse, the length of its two dia- 
meters $ and T being given, fig. 4. Pl. 7. | 
Method 1. Draw AB equal to s, and bisect 
it in 6. Through & draw c p, perpendicular to 
AB: make G c, & p each equal to half the line r. 


From c, or p, with 4 6, or GB as radius, cut 
As in ; ander; and these points will be the foci 


of the ellipse. On E, or FG, mark several 
points a, b, c, d, e, at any distance from each 
other. From x and v as centres, with the radius 
A a, describe arcs in H, I, k, I. Also from the 
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same centres x, r, and with the radius a B; cut 
the arcs uh, 1, k, L; then from the same centres 
r, F with ab, Bb describe arcs cutting each 
other in Mu, N, o, p, and so on with ac, Bc; 
Ad, Bd, &c. Through the intersections n, M, 
I, V, o, k, describe a curve which will be the 
circumference of the ellipse required. 
| Note. The more points h, u, o, k are found, 
: the easier the ellipse will be described by the 
_— pt 
Method 2, fig. 5. Pl. 7. Having drawn the 
two axes AB, CD perpendicular to each other, 
and equal to the given lines M, N, as in the prece- 
ding problem, the circumference of the ellipse 
may be described mechanically, as follows. 
Take with a thread the length A Cc, or 3 
and with this as a radius, apd c as centre, cut 
As in r and kx. Take with the same thread the 
exact length A B; fix its ends by pins to the foci 
r, E, and move a pen, or a pencil, within the 
thread, so as to keep it always stretched, and it 
will describe the curve A c LB. Proceed in the 
same manner to describe the curve A H DB, and 
it will complete the ellipse required. 
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Draw any two parallel lines A x, HI; bisect 
each of them, and through the points of bisec- 
tion L, M, draw po. Bisect Po, and from the 
point of bisection E as a centre, and with any 
length as radius, describe the circle 6 rs, cutting 
the circumference of the ellipse, at four several 

points. Draw the chord ere, and through x 


1 
O 4 f ed * e 5 . — - ' 
2 2 2 ate ON es 3 6 — az, Ca — 5 
+ Ana WY > * 2 b > 8 3 8 
n 8 — = ALES 


draw c T parallel to r which will be the less þ 

diameter, or conjugate axis. Through x, draw ; 

DB perpendicular to or, and DB will be the "| 
greater diameter, or trans verse axis of the ellipse, N 

as required. : | : 

5 

Pr ob. 40. | j 

To describe an equilateral triangle upon a given N 

line AB, fig. 7. Pl. 7. f 

From the points 4, B a centres, and with 4 

as radius, describe arcs [ear each other 1 

. Draw C A, , and the e ABC, 10 3 d 
be the triangle required. 


Note. An isosceles triangle, flee T, may be 
formed in the same manner; taking for radius 
the given On AB of one of the equal sides. 


Prob. 41. 
To construct a 136 wwhose three Sides call bo 
 respectively equal to three given lines L, M, N; pro- 
vided any two of them op Ros than the third, 
fig 8. . H.. | Ty 
Z Draw 


- 4% 
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Draw a line A B equal to 1. From as a centre 
and with M as radius, describe an arc a b. On 4, 
with a radius equal to , describe another arc 
cutting the former in c. Then draw the lines 

' C4, c B, and A e will be the triangle required. 


Prob. 42. 

To describe a Square upon a given line A B, fig. 9. 
| + . 5 
Method 1. From the point B, draw Bc per- 
pendicular, and equal to 4a 3. On à and c, with 
the radius A B, describe arcs cutting each other 
in p. Draw the lines Da, Dc, and the figure 
ABCD will be the square required. | 

Method 2, fig. 10. Pl. 7. 

From 4 and B as centres, and with A B as ra- 
dius, describe two indefinite arcs A c, B D, cut- 
ting each other in E. Bisect Az in r, and on 
E, with the radius Er, cross the two arcs in e 
and Dd. Draw AB, Bc, D C, and AB op will be 
the square required. 


Prob. 4. 

To describe a rectangle or parallelogram, whose 
length and breadth shall be equal to two given lines 
L and M, fig. 11. Pl. 7. 

Draw A B equal to IL, and make Bc perpendi- 


cular thereto and equal to . n the points 
| c and 
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& and a4, with the radii L and , describe arcs 


intersecting in p. Join AD, Dc, and ABCD 
will be the rectangle required. 


Prob. 44. 

To describe a regular pentagon on a given line 

4 fig. 12. FE 7. | 
| Method 1. Make 8 c perpendicular and equal 
to AB. Bisect AB in p, and from p as a centre, 
and with Dc as radius, describe an arc e x cut- 
ting A B produced in x. With the centres a and 
B, and radius a E, describe arcs intersecting in 7; 
then from r as a centre, and with AB as radius, 
cross those arcs in G and H. Join AG, BH, F 6, 


FH, and they will complete the pentagon re- 


quired. 


From the points a and 3, with a B as a radius, 


describe two circles intersecting each other in c 


and pd. Join cp, and from the intersection c, 
with the same radius A B, describe the arc L AB M, 
cutting the two circles in L and , and the line 


cb in r. Draw the lines Lr, MF, which pro- 


duce to meet the circumference in ñ and x. 
From the points E and U, with the radius A B, 
describe arcs crossing each other in 6, (or from 
the points a and B as centres, and with A R, or 


B E as radius, describe arcs cutting each other in 
| G). Fhen 


Method 25 fig. 13. PL * = PE 
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G). Then join A E, E G, GH, E B, and they will 
complete the e „ 


Prob. 45. 


On a given line A B, to describe a regular hexagon, 


ig. 14. Pl. 7. 


Upon as, describe the equilateral triangle 


AB C. From c as a centre, and with c a, or CB 


as radius, describe the circle aBDEFGA. Set 


off the line AB round the circumference, from 


B to D, from p to E, &c. and join the points by 
lines, which will form the hexagon required. 


Prob. 46. 
To describe a * octagon on a given line AB, 
hg. 5 


Met bod : "From ihe extremities 4 and B of 


the given line, erect the indefinite perpendicu- 


lars a Db, Bc. Produce AB both ways to K and 
L, and bisect the angles DAK, CBI, by the 
lines A E, Bog. Make A E and BG each equal to 


a3. Through E and 6 draw the lines Er, GH 


parallel to 4 D, or BC, and each equal to A B. 


Make 4 D and Bc each equal to tc, and join 
DF, De, e R, and they will complete the octagon 


required. „ 
| Method 
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Method 2, fig. 1. Pl. 8. 


Bisect AB in c. Draw cx perpendicular to 


AB. From c as a centre, and with c a as radius, 
describe the arc a DB. On p, with DA, or DB 


as radius, describe the arc A EB. Then the in- 


tersection ꝝx will be the centre, and x A, or EB 
the radius of a circle AFB, which will contain 
A B, the number of times required for an octagon. 


Prob. 47. 


To describe a regular nonagon on a given line 4 B, 


fig. * CE 


Bisect AB in c. Draw cr perpendicular to 


AB. From 4 as a centre, with A B as radius, 


describe the arc DB. Divide the arc DB into 
two equal parts in x. From p as a centre, with 


DE as a radius, describe the arc Er, and the 


point r will be nearly the centre of the nonagon 
Wes. = 


Prob. 48. 


To describe a regular dodecagon on a given line 


an, By. 3- Pl. 8. 


Bisect aB in e. Draw ep Setpetidilar to 


AB. From Aa, or B as a centre, and with the 
length aB cross b in x, and from x, with EA 
as radius, describe the arc A p; then the point Þ 
| will be the centre of the Polygon required. 

Prob. 
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Prob. 49. 
To inscribe a square, or an lau, in à given 


circle, fig. 4. Pl. 8. 


For the square, or tekragon. 


Draw the diameters AB, CD perpendicular to 
each other. Then draw the lines A p, Ac, BD, 
Bc, and AB CD will be the square required. 
FPoͤr the octagon. 
Bisect any two arcs of the square ac, Bc in 
and x. Through the points G and k, and the 
centre o, draw lines which produce to t and h. 


Join Ar, rp, Dn, &c. and they will form the 
octagon required. 


Prob. 50. 


On a given line AB to describe all the several 
polygons from the hexagon to foe dodecagon inclusive, 


bg. 5. Pl. 8. 


Bisect a B by the perpendicular c D. | From A 
as a centre, and with AB as a radius, describe 
the arc BE, which divide into six equal parts ; 
and from k, as a centre, describe the arcs 5 r, 4 6, 
34, :&c. Then from the intersection E as a 

centre, and with EA as radius, describe the cir- 
cle A1DB,. which will contain a B six times. 
From x in like manner as a centre, and with r 4 
| | as 
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as radius, describe the circle A K L B, which will 
contain A B seven times ; and 50 on for the other 


polygons. | 
Prob. 51. 
To inscribe in a given circle an equilateral trian- 
gle, an hexagon, or a dodecagon, fig. 1. Pl. 9. 
For the equilateral triangle, or trigon. 
From any point p in the circumference, as a 


centre, and with the radius do of the given cir- 


cle, describe the arc A o B, cutting the circum- 
ference in A and 3. Through p and o draw oc. 
Then join 4 B, Ac, Bc, and the figure a Bc will 


be the triangle required. 
For the hexagon. 

Bisect the arcs ac, Bc in x and r; and join 
AD, DB, BF, &c. which will form the hexagon. 
Or carry the radius Do six times round the cir- 
cumference, and the required hexagon will like- 
wise be obtained. 


For the dodecagon. 


Bisect the arc A Þ of the hexagon in o; and the 
line 4 0 being carried twelve times round the 
x circumference, will form the N required. 


Prob. 52. 


Another method to inscribe a dodecagon in a cir- 


cle, or to divide the circumference of a given circle 
znto 
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into 12 equal parts, each of 30 degrees, ng. 2; 
Pl. g. 

Draw the two diameters A B, c perpendicular 
to each other. From the points 4, c, 3, p, as 
centres, and with ao as a radius, describe the 
arcs EOF, GOH, &c. and these arcs will, by 


intersecting the circumference, divide it into the 
required number of equal _ 


Prob. 53. 


To inscribe a pentagon, an hexagon, or a decagon 
in a given circle, fig. 3. Pl. 9. 


Draw the diameter A B, and make the radius 
D c perpendicular to a B. Bisect DB in x. From 
E as a centre, and with Ee as radius, describe an 
arc cutting AD in r. Join cr, which will be 
the side of the pentagon; c Þ that of the hexa- 
gon, and Þ y that of the decagon. 


Prob. 54. 


To find the angles at the centre and ! circumſe- 
rence of a given polygon. 


Divide 360 by the number of sides of the given 
polygon, and the quotient will be the angle at 
the centre, and this angle being subtracted from 
180, the difference will be the angle at the cir- 
cumference required. According to this method, 
the following table has been calculated, shewing 
EE | „ 
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the angles at the centres and circumferences, of 
regular polygons, from three to twelve sides 


* % 
Pw RI ny ee on A ee 


inclusive. ; 

E | Angles at the | ; 

Names. Sides es = circumfe- | ? 

; rence. | 7 : 

Trigon 3 | 220% & 60? O Y 

Tetragon 4 90 0 ; 
Pentagon 51 9% 0: | mn - 

Hexagon i F-16570 1 

Heptagon 7}. ct 2 1 i 

Octagon 3 | 45 0 115 "Ul 9 

| Nonagon 9 4 0. |, $40 7 57] 1 

Decagon | 10 | 36 © | 144 © | : 

| Undecagon | 11'| 32 4377 147 165% | 

| Dodecagon | 12 30 © | 150 © | ? 

Prob. 55. | 

To inscribe any regular poiygen in a given circle, 


fig. 4. Pl. 9. 
Method 1. From the centre c draw the radii 
A, CB, making an angle equal to that at the 
centre of the proposed polygon, as contained in 
the preceding table. Then the distance A B will 
be one side of the polygon, which being carried 
round the circumference, the proper. number of 
times, will complete the polygon required. 


Method 2, fig. 5. Pl. 9. 


Divide the diameter a B into as many equal 
parts, as the figure is to have sides. From a and 
Es | v A8 


CCC NR EO 90a Pwr WA TE OG DEE ebng 4 745, 
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Bas centres, and with AB as radius, describe arcs 
intersecting each other at pv. From p draw p c, 
through the second division of the diameter, and 


the line a c will be the side of the e 
nearly. 


Method 3, fig. 6. Pl. . 

| Divide the diameter a 53 into as many equal 
parts, as the figure is to have sides. From the 
centre D, raise the perpendicular Dd x; and make 
E equal to three-fourths of D c. Then from E, 
draw E through the second division of the dia- 
meter, and the line A r will be the side of the 
* Po nearly. f 


Method 4, fig. 7. Pl. 9. 


Draw the two radii c a, c B perpendicular to 
each other. Divide the quadrant 4 B into as 
many equal parts as the polygon is to have sides; 
then take four of them » o, which being carried 
round the circumference, will form the polygon 

required. | 
Note. The quadrant a B, fig. 8, may be rea- 
dily divided into any required number of equal 
parts, by the quadratrix c p x, prob. 22. 


Prob. 56. 


To znseribe a circle in a given Megs ABC, ig. 


. Fl. 9. 
Mk 
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ZBisect any two of the angles 4 and B, by the 
lines A D, B D, and from the point of intersec- 
tion p, draw D yr perpendicular to A B, and it will 
be the radius of the required circle. 


Prob. 57. 
To cireumscribe a circle about any given triangle 


' ABC, fig. 10. PL 9. 


Bisect any two of he given sides A B, B c, 
with the perpendiculars E F, D r. From the in- 


tersection F as a centre, and with the distance of 


any of the angles, as a radius, describe a circle, 
and it will be the one required. 
Prob. 38. 


About a given Square ABC D, 70 circumscribe @ 
circle, fig. 11. Pl. 9. 


Draw the two diagonals AC FD intersecting 
each other in o. From the point of 1 intersection 


o, as centre, and with o 4a, or o B, as radius, de- 
scribe a circle, and it will be the one required. 
Prob. 59. 


About a given circle to circumscribe a n fig. 
12 FL% - 


Draw the two diameters AB, CD, perpendicu- 


lar to each other, Through the points 4, c, B, D, 
E draw 
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draw the tangents Er, E, GH, rH; andeGHYy, 
will be the square required. 


Prom $0. 
About a given circle to ci reumseribe a Pentagon, 
fig. 13. Pl. . 
First make the inscribed pentagon A B O DHE 


(prob. 51). Bisect each side with the perpen- 


diculars o 1, o k, &c. and through the points 
A, B, c, D, E, draw the tangents HI, IK, KF, 


&c. Then the figure 1 K r Gn, will be the cir- 
cumscribed pentagon required. 


Note. In the same manner any polygon may 


be circumscribed about a given circle. 


Prob. 61. 
To make a triangle similar and equal to a given 
triangle A B c, fig, 14 and 15. Pl. 9. 


Draw a line D x, equal to A B. From the point 
D with Ac, as radius, describe an arc in r, and 
from E with B c, as radius cut the former arc. 
Then draw the lines pr, E T; and p E F will be 


the triangle required. 


Prob. 62. 


To make a figure Similar and equal to any given 


figure ABCDE, fig. 16 and 17. Pl. g. 


Divide: 
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Divide the given figure into triangles, by the 


lines A p, A c, B E, BD. Draw a line o equal 


to A 3. On v make the triangles F K o, FIG, 


FHG, equal and similar, to the triangles Az B, 
ADB, ACB, each to each (prob. 61). Then join 


IK, HI, and FGHIK will be the gue re- 


quired. - . 5 
'SECT.: IT. 
The Repvucrtion and TRANSFORMATION of PLANS 
© IGURES. 


Prob. $6: 


10 make a triangle similar to a given triangle 


ABC, one of its Sides DE being given, fig. I and. 2. 
£3. 10. nn 


Make the angle p equal to the angle A, and the 


angle x, equal to the angle B; then the triangle 


DEF, will be similar to the triangle a Bc. 


| Prob. 2. 


Upon a given line AB to describe a figure similar 
zo a given figure x , fig. 3 and 4. Pl. 10. 


Draw the diagonal EG, and upon AB make the 


triangle AB c, similar to the triangle x r (prob. 
Ea 1.) a 
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E 
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x.) Then on ac make the triangle 4e b, simi- 
lar to the triangle ꝝ 6 u, and AB CD will be the 
Ae required. 


Prob. 3. 


To make a figure Similar to any given figure ACE; 


one of its homologous Sides being Sven. fig. 5. 
I. 10. 


Case 1. When the figure is to be reduced accord- 
ing to the given Side . 


From any angle , draw the diagonals BF, B E, 
B D, and on AB take DG equal to x. Then draw 
G L parallel to Ar, and L k to FE, &c. and they 
will complete the figure required. . 


Case 2. When the figure is to be enlarged, ac- 
cording to the given Side s, fig. 5. Pl. 10. 
On B 4a produced, take ; N equal to the given 
line s. Draw No parallel to A r; and op paral- 


lel to FE, &c. BNOPQR will be the Ugure re- 
quired. 


Prob, 4. 
| To reduce a given figure A B C PE, by means of a 
Scale, one of the homologous sides r of the required 
figure being given, fig. 6and 7. Pl. 10. 
Divide the given figure into triangles, by the 
diagonals ac, AD, BE, BD. On the scale x be- 


longing to the ure, measure A B, which sup- 
poee 
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| pose to contain nine parts. Draw a line x8; on 


which take RT equal to r. Divide RT into 


nine equal parts, and with these parts prolong 
the scale to any required length towards s.. 
Then measure A c on the scale x. From x, with 


the same number of parts, taken on the scale as, 


describe an arc at H. Find in the same manner 
the proportional length G x, and from & describe 
an arc cutting the former one in n. Join en 
and r u, and proceed by the same method to 
describe the triangles 10, FLG, similar to the 
triangles A DB, AE B. Then join the intersec- 


tions L, I, H, by the lines FL, LI, 1H, and they 
will complete the figure required. 


Note. By the same method a figure may be 


_ enlarged, one of the homologous sides of the 


required figure being given. It may also be 
either reduced or enlarged, by describing angles 
at the points r and 6, of the given side, equal to 
the corresponding angles of the triangles, in the 
given * (prob. 7. ) 


Prob. 5. 


To reduce a figure by the angle of reduction, or as 
#t is Sometimes called zbe angle of proportion, 15 8. 
9, and 10. Pl. 10. 


Let AB be the given vide on which it is re- 


quired to describe a figure similar to FGHIK, 
5 Make any angle L MN, and on one of its sides 
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MN, take o equal to F 6. From o, with the 
given length A B, cut ML in p. Join o and 

draw several lines parallel to, and on both sides 
of it. Then draw the diagonals v1, n, G k, GI. 
Take the length r k, and set it off from u towards 
v, on the side MN; and measure its correspond- 

ing line Q R, upon or between the parallels. 
From A with QR describe an arc at E. Then 
take G Kk, and setting it off on M N, find its cor- 
respondent line s 1. From z, with s T, cut the 

former arc in x, and join a. Then proceed in 
the same manner to find the other points e and o, 
till the figure is completed. | 


Prob. 6. 


To enlarge a fours ABCDEFG by the angle of 
Proportion, one of its homologous Sides H I being 
given, fig. 11, 12, and 13. Pl. 10. 

Make any angle v n, as in the preceding 
problem. On take q equal to AB. From 
s, with the given length n 1, cut Q in r. Join 
s 1, and draw several parallel lines on both sides 
of it. Take the side a G and set it off from Q@ 
towards x, and measure its corresponding line 
uy. On , with uv, describe an arc in o. Take 
in the same manner the correspondent line to 
BG; and on 1, with x y, cut the former arc at 0. 
Join HO, and 80 on for the other sides. | 


. Prob. 


PRACTICAL GEOMETRY, 55 


Prob. 7. 


To reduce a map, or plan ABC D, from one scale 


to another, by means of Squares, fig. 1 and „ 


Pl. 11. | : 

Divide the given figure a c by cross lines, 
forming as many squares, as may be thought ne- 
cessary. Draw a line E r, on which set off as 
many parts from the given scale u, as AB con- 


tains parts of the scale v. Draw tu and 1 


perpendicular to E r, and each equal to the pro- 


portional parts contained in AD, or Bc. Join 


HG and divide the figure E G into the same 
number of squares as the original a c. Describe 
in every square, what is contained in the corre- 
spondent square of the given figure, and x yG 1 
will be the reduced plan required. 

Note. The same operation will serve either 
to reduce or enlarge * map, plan, drawings, 
or paintings. 


2 8. 


To make an isoscelis triangle equal to a given ca- 
lene triangle ABC, fig. 3. Pl. 11. 


Bisect the base A B in E, and on AB erect the 
perpendicular x Dv. Draw c p parallel to à B, and 
from the intersection D, draw DA, DB, and ABD 


will be the required triangle. 


E Prob. 
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Prob. 9. 


To make an equilatera! triangle equal to a given 
Scalene triangle AB c, fig. 4. Pl. 11. 


On a s describe the equilateral triangle A B D. 
Produce DB towards x, and B a towards o, and 
draw c x parallel to aB. Bisect DE in 1, and 
from 1 as a centre, and with 1 o as radius, de- 
scribe the semicircle Dr E. Draw B r, which is | 
a mean proportional between BD, B E. From B 
as a centre, and with B r, as radius, describe the 
arc, FG H; and with the same radius, from & as 
centre intersect this arc at Hh. Then draw B H, 
G H, and BGH will be the triangle required. 


"Prob, 10, 


To make atr iangle equal 40 any given quadrilate- 
ral figure, ABCD, fig. 5. FL. 
Draw the diagonal a c, and make DE parallel 


thereto, intersecting 3 A produced in x. Then 
join Ec, and £ Bc will be the triangle required. 


To-make a „ or a es equal to 


any given triangle, A Bc, fig. 6. Fri. 


Bisect the base A B in F, and through c draw 
cG * to AB. Drawer E, AD, Parallel to 
each 
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each other, and either perpendicular to AB, or 
making any angle with it, as FD, 46. Then 
the rectangle A F E D, or the parallelogram a D s, 
w1ll be equal to the given triangle. 


Prob. 12. 


To make a rectangle equal to a groen parallelo— 


gram, A3 c p, fig. 7. Pl. II. 


Produce AB towards x, and draw DE, C 7, per- 
pendicular to Dc, or to Ar; then the rectangle 


ESD will be equal to the parallelogram 4B e. 


Prob. 1g. 


To change a given triangle, a B c, into another of 


an equal extent, but of a different height: 


Case I. When the given point D is either in one 


of the Sides, or in Hs prolongation, fig. 8 and 9. 


Pl. 11. 
Draw a line from p to the opposite angle 5, 


| and c E parallel to v. Then j Join DE, and ADE 


will be the triangle required. | 
Case 2. When the point D is neither in one of 


the Sides, nor in its prolongation, fig. 10 ang „ 


Pl. 11. 
Draw the indefinite line 4 DF, and 1 0 
draw C y parallel to the base a B. Join B, and the 


triangle A r B is equal to the triangle A Bc; and 
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the point Þ being in the same line with A r, pro- 
ceed as in the first case, that is, join p B, and 


make r E parallel thereto; then join D E, and 
ADE will be the required triangle. 


3 


Case 3. When the point p is nearly opposite and 


above the vertex, fig. 1, or within the triangle 


ABC, fig. 2. Pl. 12. 


From the point Þ draw D 4, 5 B, and through 
the point c draw c E, cr parallel thereto. Then 
join DE, DF, andE DF will be the triangle re- 


quired. 


Prob. 1 
To make a rectangle Rs to a given quadrilateral 
ABC D, fg. 3- FL 2. 


Draw the diagonal p B, and parallel to it the 
lines a E, c r. Bisect B Þ by the perpendicular 
I H, and through the point p draw E r parallel to 
IH. Then EKF al will be the rectangle required. 


Pin AR. 


To make a quadrilateral CDEF, that ſhall be 


equal to the given pentagon ABCDE, fig. 4. Pl. 12, 


Produce Ea towards r, and draw ac and BF 
parallel thereto. Join r c, and CDEF will be the 
quadrilateral required. 


| Prob. 
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Prob... 
To make a —_—_ equal to the given 8 


ABCDE, fig. 5. Pl. 12. 


Produce AB both ways. Draw a P, and paral- 
lel to it, the line EF. Draw also 3 D, and paral- 
lel to it, the line c 6. Then join Dr and p; 
and F DG will be the required triangle. 


Prob. 17. 


To make a triangle equal to a given polygon 
ABCDE, . a re- entering angle E, fig. 6. 
1. | 

Produce A B towards r. Draw A b, and E G 
parallel thereto, and join p 6. Draw also B p, 


and parallel to it, the line e r. Then join pr, 
and FDG will be the required triangle. | 


Prob. 1 8. 


To make a triangle equal. to the Polygon ABCDEF 


having one of its sides equal to a F, fig. 7. Pl. 12. 
Produce c p towards I, Bc towards H, and AB 


towards G. Draw p p, and parallel to it, the 


line IH, and join r H, which will give a polygon 


A B Hr, equal to the preceding one ABCIF, 


with one side less. Draw B r, and parallel to it, 


the line n. Then join o, and AFG will be 


_ dh required. 


Prob. 
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1 19. 


Ce o change a given polygon AB CDF, into a tri- 
angle, its height I H, being given, fig. 8. Pl. 12. 


Produce a 5 both ways, and reduce the poly- 
gon to a triangle v Do, as has been shewn, pro- 
blem 16. Draw er E, and parallel to it the line 
DL; draw likewise o n, and its parallel p M. 
Then; join HL, HM, and L N will be the re- 
Died triangle. 


Prob. 20. 


To change any regular polygon A BC D E, ite a 
triangle, whose height shall be equal to L M, drawn 


From the centre 1. of the polygon, perpendicular to 
one of its Sides, AB, fig · 9. 2. 


Produce A B both ways, on which set off the 
length a B or Bc, as many times as the polygon | 
has sides. From the centre L, draw LF, I. G, 
and FLG will be the triangle required. 


Prob. 21. 


To 8 a rectangle AB ep, iuio another, jhat 
shall be equal 10 it, and 1 @ given my AE, * 
10. PL a. 


Draw x r parallel to 8 c. Produce pc to 7, 
and draw A r. Through the intersection o, draw 
. 5 parallel | 
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u 1 parallel to à E, and A ET H H will be the rectan- 
gle e | 


Prob. 22. 
To change a rectangle KLM N, into another 


that Shall be equal to it and LE a ous breadth, 
K E, fig. 11. Pl. 12. 


Draw = R parallel to k L, and produce d M 


towards B, and k L towards p. Through the in- 


tersection c, draw the diagonal K B, and make 
B D parallel toML; then KDRE will be the re- 
quired rectangle. 


Prob. 23. 
To describe a Square, that ball be equal to a given 
rectangle, A BCD, fig. 12. PL 12. 


\ Produce B A towards x, and AD towards r; and 
take a E equal to 4 D. Bisect £B in o, on which, 


as a centre, and with G E, or G B, as radius, de- 


scribe the semicircle YB. Then upon A r, de- 
Scribe the square A r K I, and it will be 25 to 
the rectangle A B C D, as required. 
Note. As any polygon may be changed into a 
triangle, by problem 16, sect. 2, and a triangle 
into a rectangle, by problem 11, sect. 2; a square 


may thus be described that shall be "I" to any 


given polygon. 


Prob. 
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Prob. 24. 


To describe a square, that Shall be equal to 4 
given parallelogram, x x O n, fig. 13. Pl. 12. 
Produce Er towards 3. Draw r 1 perpendicu- 
lar to E r, and take F B equal to FI. Bisect EB 
in c, on which, as a centre, and with c E, or c B, 
as radius, describe the semicircle Ex LB. Pro- 
duce the perpendicular v1 to 1, and r L will be 
one of the sides of the r square, LM x. 


Prob. 2 5. 


To FIRED a Square ABCH, into a rectangle, one 
of its greater Sides M, being given, fig. 14. Pl. 12. 

Produce 4 B, both ways, towards Þ and L; and 
take B D equal to M. Join op, and bisect it by 
the perpendicular ro. From the intersection o, 
as a centre, and with o p, as radius, describe the 
semicircle Þ l. On c B produced, take B 2 
equal to 3 1. Draw E G parallel to BD, and DG 
Parallel to x r, and DB EG will be the rectangle 

Wire. 


Prob. 26. 
To change a Square EF G H, mto a rectangle, one 
= its less Sides N, being given, fig. 15. Pl. 12. 


Prod uce 
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W E r, both ways, towards p and 1. 
Take v L equal ton. Join Lo, and bisect it by 
the perpendicular 1 0. From the point of inter- 


section o, as a centre, and with o D, oroL, as 


radius, describe the semicircle L D. On cp 


produced, take FB equal to FL, or to the given 


line v. Draw pc parallel tors, and B; e to FD, 


and they will _ the required rectangle BCDF. 


Prob. 27. 


To describe any regular polygon, that all be equal | 


to a given triangle, fig. 1 and 2. Pl. 13. 


Let it be required to describe a regular hex- 
agon, equal to the given triangle A B c. First 
describe a regular hexagon, fig. 2, of any mag- 
nitude. On A describe the triangle a B E, simi- 
lar to the triangle p, the angle A E B being equal 
to the angle at the centre of the given polygon. 
Produce E Bs towards . Draw e r parallel to as, 
and join ar. And the triangle A v is equal to 
the given triangle AB c. Divide By into as 
many equal parts as the polygon is to have sides, 
which in this case is six. Take B G equal to B R, 


the : of By. Find B M, the mean proportional 


between 3 E and B 6G, by problem 14, sect. 1. 
On 8 and with B M, as a radius, describe the arc 
MN. From the intersection N, as a centre, and 
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with B, as radius, describe the circle Bo R B, in 
which inscribe an hexagon, which will be equal 
to the given triangle AB'C. 

Note. By this method any es polygon 
may be described, that Shall be equal to any ir- 
regular one, by changing first the irregular poly- 
gon into a triangle, as has been shewn, Problem 
16 and 17, sect. 25 | 


To describe a polygon that shall be equal to a 
given triangle, AB e, and similar to a given polygon, 


r HDE, fig. 3 and 4. Pl. 13. 


Draw the diagonal rx. Upon AB describe the 
triangle 4 5 L, similar to the triangle r G f. 
Draw c « parallel to x 3. Change the polygon 
r O H D E, into a triangle 6 1-1, by problem 16 
and 17, sect. 2. From B k cuti.off B M, in the 
same proportion as G r is to G 1, by problem 17, 
Sect. 1. Make Bo equal to a mean proportional 
between B L and B M, by problem 15, sect. 1. 
Draw or parallel to A L, and the triangle 08 Þ 
will be similar to the triangle BL, as also to 
the triangle n r. On op describe a quadrila- 
teral PO R. similar to the quadrilateral vH DE, 
by problem 2, sect. 2, and PBOR 3 be the 
een I | 

Prob, 
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Prob. 29. 


To make a triangle equal to a | given circle 


43, fig . 2 | 

Draw any radius c 4, and make a E perpendi- 
cular to it, and equal to the circumference, by 
problem 34, sect. 1, Then join CE, ans ACE 
will be the triangle required. | 


Prob. 9 


To describe a square that shall be equal to a <_ 


circle AFB1, fig. 6. Pl. 13. 


Draw the diameter 4 B, and at its e B, 
draw the tangent ; E, equal to the radius B c. 
On E produced, take tx 6 equal to the r part 
of the radius c 3. Join A, and AI will be one 
of the sides of the required square nearly. 

Note. By this method any triangle may be 
made equal to a given circle. First, by changing 
the given circle into a square, and the square 


into any triangle, * prob. 10, 8, 4 and 13, 
sect. 2. 


Prob. 31. 


- 


7 o describe a circle that shall be equal to 4 given | 


Square ABCD, fig. 7. Pl. 13. 


Bisect any side of the square Bc in x. Take 
E F equal to f part of Bs, Join A r, on which, 


F*' -:;,, 


<q; 
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as a diameter, describe the circle AB H, which 
will be equal to the given square nearly. 

Note. By this problem, a cirele may be made 
equal to any polygon, or triangle, by changing 
first the given polygon into a triangle, accord- 
ing to problem 16 and 17, sect. 2; then the 
triangle into a * by proklenr 11 and 23, 
beet. 2. 


Prob. 32. 


On a given . AR, 10 describe an ellipse that 
«hall be equal to a given circle CF.DGC, fig. 8. 
. | 
Bisect An in x, by the perpendicular Dc. Oo 
E, as a centre, and with the radius of the given 
circle, describe the circumference Þ 6 c r. Draw 
nc, and bisect it in n, by the perpendicular n 1. 
From the intersection 1, as a centre, and with 
1 B, as radius, describe the semicircle B c k. 
Take E N, E I, each equal to Ex k. Then the 
lines a Band Lx are the two diameters of the re- 
quired ellipse; for the construction of which, 
see problem 38, sect. 1. | | 


15 Prob. 33. 
To describe a circle that Shall be equal 1 to a given 
ellipse 4 BDA, fig. 9- Fl. 13. 


Draw 


PRACTICAL GEOMETRY. 67 


Draw the two diameters 4 c, B D perpendicu- 
lar to each other, by problem 39, sect. 1. Make 
E r a mean proportional between the semidiame- 
ters EC, ED. From the point x, as a centre, 
and with E r, as radius, describe the required 
circle nr, which will be the one required. 


— — EL 


SECT. III. 


The AppiTtIon, SUBTRACTION, MULTIPLICATION 
and Diviston of PLANE Ficures. 
RE — — 


ADDITION of PLANE FIGURES. 


— —— — 


- Prob. 1 


bs make a triangle that shall be Rn to any 
number of triangles, when they a are all of the ame 
height, fig. 1. Pl. 14. ” | 

If for instance it be required to make a tri- 
angle equal to the three given triangles 4 3 e, 
DE, EFD. Draw a line AG equal to the sum 
of their bases, and join BG; and A3 GO will be 
the triangle required. 
Note 1. When the triangles are of different 
| heights, they must first be reduced to the same 
height, by problem 13, sect. 2, and then they 
may be added together, as above, 
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- 


Note 2. When different polygons are required 


to be added together, they must like wise be first 


reduced into triangles of the same height. 


Prob. 2. 


To make a Square that Sball be equal to the sum of 
any given number squares 1, M, x, o, fig. 2, 3. 


4, 5 and 6. Pl. 14. 


Draw a line a B equal to one of the sides of 
the square 1. On 5 erect the perpendicular s c, 


equal to one of the sides of the square u. Join 


AC, on which a square being constructed, will 
be equal to the sum of the two squares L and M. 
From the point c, draw c Þ perpendicular to a e, 
and equal to one of the sides of the square v. 


Draw the line 4 p, which will be the side of a 


square equal to the three squares L, M, V. On 


'D, draw p E perpendicular to A D, and equal to 
one of the sides of the square o. Join a x; on 


which describe the square A E F 6, which will be 
equal to the sum of the given squares L, M, N, o. 


Prob. 3. 


To describe a circle that hall be equal to the cum 


of any given number of circles , o, v. fig. 7, 8 
9 and 10. Pl. 14. 


Draw A B, B 0 perpendicular to ah other. 


Take B A equal to the diameter of the circle x, 


and 
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and Bc equal to the diameter of the circle o. 
Draw Ac, which will be the diameter of a circle 


equal to the sum of the two circles d and o. 
Draw c Þ perpendicular to A c, and equal to the 
diameter of the circle p. Then join A D, and it 
will be the diameter of the an, circle. 


Prob. 4. 


To bend a figure that shall be equal and similar 
to any number of regular polygons „ „ 6% fig 11, 
12, 13 and 14. Pl. 14. 


Form a right angle 4A 3 c. Take 53 4 equal to 


HI, and Bc equal to k 1. Draw A c, and per- 
pendicular to it, the line c p equal to Mn. Join 


A D, upon which constitute the polygon , as 


required; see problem 44, sect. I. 


Frob. 5. Bb 


To describe a figure that shall be similar and 
equa to the um of any given number of similar 
figures n, 1, k. fig. 15, 16, 17 and 18. Pl. 14. 

Draw lines A B, B C perpendicular to each 
other, or forming a right angle in 3. Take B A 
equal to LM, and Bc equal to the homologous 
side No, and join ac, Draw e p perpendicular 
to A c, and equal to the homologous side ala 
Join a b, on which describe a figure aDEFG,, 
similar to one of the given figures, by problem 


F 3 3, sect. 
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3, sect. 2, which will contain the sum of the 
three given figures, as required. 

| Note. Several figures, as 19, 20, 21, 22 and 
23, may be added together, by reducing them 
first into triangles of the same height, by pro- 


blem 13, sect. 2, and these triangles being added 


together, may also be changed into any other 
figure, as may be scen by problem 8, 9. 11, 27 
and 28, sect. 2. 


SUBTRACTION or PLANE FIGURES. 
C 

To take from the triangle DE x the triangle AB e, 
or to find their difference, when both are my the Same : 
height, fig. 24. Pl. 14. 
Cut off from the base Dx the part x O, equal 

to the base a B. Draw the line G x, and the 

angie Dor will be the difference required. 

Note 1. If two triangles are not of the same 
height, they must be reduced to it, by problem 
13, sect. 2, and then the difference may be found 
as Above... | | 

Note 2. When a 8 is to be deducted 
from another, and a triangle found equal to 
their difference; it may easily be effected by re- 
ducing them into triangles of the same height. 


Prob. 
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Prob. 7. 


To describe a — that. Shall be cw to lhe 
difference of two given Squares, AC and EG, fig. 
25 and 26. Pl. 14. > 

On the side 5 c of the greater $quare, diseribe 
the semicircle Dc, Take c/n equal to the side 
E r of the less square. Draw the line Dn, on 
which construct the square Þ 1, which will be the 
difference required. | 

Note. The difference between any two given 
similar figures, or between two circles, may be 
obtained in the same manner. 


> 
| — 


MULTIPLICATION oF PLAN E FIGURES, 


Prob. 8. 


To make a triangle that shall be equal to any 


multiple of a given triangle A B c, fig. . Pl. 1 5. 
As for instance, let it be required to describe 


a triangle that shall be quadruple, the given tri- 


angle A5 e. On as produced, set off from a to 


k, four times the base A B. Draw the line CE, 


and ACE will be the triangle Tues, 


Prob. 9. 


7 o des nile a Square that sball be equal to any 


e of a gruen Square 4 BCD, fig. 2. Pl. 15. 
F 4 | Draw 
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Draw the diagonal B v. Produce a Bs towards 
k, and A D towards's, on which take a n and a E, 
each equal to the diagonal BP. Upon an con- 
struct the square A L; which will be equal to 
twice the square ac. Draw the line Br, which 
set off from 4 to 1 and from 4 to r, and the 
square described upon A 1, will be equal to three 
times the square a c. Proceed in the same man- 
ner, by taking the line Br, upon which, con- 
struct a square which will be equal to four 
times the given square AC, and so on, if re- 


quired. | 


ä - 
To make a plan, or map, as many times as may be 
required, larger than a grven one, E G. fig. 1 and 
2. Pl. II. 


Suppose it he required to make it three times 
larger. After having reduced the given map, 
EG, into squares, by prob. 7, section 2; take 
one of the squares, E 1, and find its triple by the 
preceding problem. Draw two indefinite lines, 
AB, AD perpendicular to each other. From a 
to B, set off the length of the side of the square 
found, the same number of times, as E Kk is con- 
tained in E r. In like manner set off the same 
length from a to b, as many times as there are 
ne! in E H. Through the several divisions 

1 2, 
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1, 2, 3, 4. Ke. draw lines parallel to A B, and 
to A D. Then describe in every square of A c, 
vhat is contained in the correspondent square of 
the given figure, which will complete what was 
required. 


Prob. 11. 


Te describe a polygon, that shall be similar and 
equal to any multiple of 12 gans Polygon, ABCDE, 
nn 


Produce 4 B, A E indefinitely, as also the 
diagonals A c, ap. From the point B, draw B 
perpendicular and equal to AB. From a, as a 
centre, and with Ar, as radius, describe the arc 
r G. Upon a 6, describe the similar polygon 
AGHTK, by problem 3, sect. 2, which will be 
equal to twice the given polygon. Draw FM 
parallel to a N, on which take r L equal to B 6. 
From 4, as a centre, and with A L, as radius, de- 
scribe the arc Ln. On an describe a polygon 
in the same manner as before, which will be 
equal to three times the given polygon, and so 
on for any required number of times. 


- Prod 12. 


To dreinide a circle, that Shall be equal to ay 
multiple of a 8 Ira: ABDA, fig. 4. PL 15. 


Dive | 
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Draw the radii o B, o p perpendicular to each 
other, Produce o p indefiaitely towards 6. Take 
OE equal to By. From the centre o, and with 
o E, as radius, describe the circle E Hñ IE, which 
will be equal to twice the given circle 43 DA. 
Take o r equal to 3 E. From o, as a centre, and 
with o , as a radius, describe the circle MN F, 
which will be equal to three times the given 
circle a BDA, and so on for any required number 
of times. | 


' DIVISION or PLANE FIGURES. 
Prob. 19. 
1 divid e a given triangle ABC, into any number 
of equal parts, & lines drawn from the angle 5 
fig. 77, Ph 15, 

Let it, for — be required to divide the 
triangle A 3 c, into four equal parts. Divide the 
base a B, into four equal paris. Draw lines 
from e to the points of division p, E, r, and the 
triangle a BC "Os pe nn as . 


"Pool 14. N 
To divide a given tviangl+ 'Ab o, into four equal 
parts, by lines drawn from a oe D, laben in one 
of Us e fig. 6. El. 15,5 Malt 


3 
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Reduce the triangle a z c, into another AD x, 
by problem 13, sect. 2. Divide this triangle into 
four equal parts, as in the preceding problem. 
Join pc, and through the point r, draw r 6 pa- 
rallel thereto. From o, draw lines to the divi- 
sions h, 1 and the intersection o, and they will 
divide the given triangle as required. 


Prob. 15. 
To divide the quadrilateral ABCD, into two equal 
parts, by a_line drawn from the angle p, fig. 7. 
1 


First change "the quadrilateral into os 
AED, by problem 10, sect. 2. Then divide the 
base, à E, into two equal parts in r. Draw p 5, 


which will divide the quadrilateral as required. - 


Prob. 1 7 55 


7 o divide the auadvilateral 4 Er into Tuo 3 


parts, by à line draton from the * *, fig. 8. 


1s. 


Change the quadrilateral into a triangle 8 BCE, 
Divide the triangle into two parts, by the line DE. 
Draw p 6 parallel to at. Then join E o, NW it 
will divide the figure as nnd i 32009 


Prob. 
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Prob. 17. 


To divide the given pentagon ABCDE, into three 


equal parts, by lines "ws Ow the angle. D, 


fig. 9. Pl. 15. 


Reduce the given pentagon into a triangle, 


rp, by problem 16, sect. 2. Divide the base 
F6, into three equal parts, at the points B, 1. 
From the angle p, draw the lines p n, DI, and 


they will divide the pentagon as required. 


Prob. 18. 


To ec the given pentagon ABCDE, into four. 


| equal parts, by lines drawn JOG. the e B, fig. 


10. Pl. 15. 


Change the given pentagon into a triangle, 
ABF. Divide the base A r, into four equal parts, 
by the intersections G, h, 1. Draw B E, and pa- 


rallel to it the lines M k, 11. From the point z, 


draw lines to the intersections G, k, I, and they 


will divide the pentagon as required. 


Prob. 19. 


75 0 divide any regular pol gon into a given number 
of equal parts, by lines drawn from its centre. | 

Suppose it be required to divide the regular 
ee cn ABCDE, fig. 11. Pl. 15, into three 
1 . equal 


"YE 
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equal parts, by lines drawn from the centre o. 
Divide the periphery into three equal parts, by 
the intersections r, D, G, according to problem 
33, sect. 1. From the centre o, draw lines to 
the points o, , r, and they will divide the . 
tagon, as required. 


Another Method, 13. 12. FL 51 


Divide each of the sides of the pentagon, 
GHIKL, into three equal parts. From these 
divisions draw lines to the centre o, which will 


divide the pentagon into 15 equal triangles, and 


a line drawn at every fifth triangle, will give the 
required division of the pentagon. | 


Note. According to this method, any regular 
polygon may be reduced into any number of 


equal parts; by dividing each side of the given 
polygon, into the same required number of equal 
parts: and then drawing lines from its centre, 


to such number of divisions, as the given poly- 


gon has sides, which will complete wank is re- 
quired. | 


Prob. 20. 


T 0 divide a given polygon ABC DET, inio any 


number of equal parts, by lines drawn 10 one of its 
angles r, fig. 13. Pl. 15. 
Let it be required to divide the given polygon 


into four equal parts. Change the given figure 


into 


ax 


requ ired. 


"Square AB cb, fig. 2. Pl. 16. 
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into a triangle a r, by problem 16 and 18, 
sect. 2. Divide the base 4 & into four equal 
parts, at the points 1, 2, 3. | Produce ; c towards 
n. Draw y B, and through the divisions 2 and 
3, draw the lines 2 1, 3H, parallel to ar. Join 
Fc, and draw H J. parallel thereto. From the 
points of intersection 1, 1, L, draw lines to the 


point r, which will divide the 3 as re- 
quired. 5 


To divide a given polygon a B DE r, into four | 
equal parts, by lines drawn from a point o, taken 
in one of its vides a r, fig. 1. Pl. 16. | 

Change the given polygon into a triangle 
AGH, whose vertex shall be at G. Divide the 
base 4 n, into four equal parts, at the points 


o, p, Q Produces c and e p indefinitely. Drav- 
SS, and parallel to it the lines o 1, PR, Qs. 
Join c 6, and through the intersections x, s, 
draw the lines x L, s M, parallel thereto. Join 
op, and through M, draw M x parallel to it. 


From the point 6, draw lines to the intersec- 
tions I, L, N, which will divide the polygon as 


To make a Square 1 to fn 7, ih &c. of a given 


Bisect 
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Bisect one of the sides po, of the given 
square. From the point of bisection h, as a 
centre, and with H D, or He, as radius, describe 
the semicircle Dxc. Draw HE perpendicular to 
'D c, and join DE, which will be the side of a 
square, equal to half the given one Ac. To 
obtain a +4 of the square a c, make Þ 1 equal to 
one third of p. From the point 1, draw Ir 
perpendicular to Dc, Join DF, upon which a 
square being constructed, will be equal to one 
third of the given square a c. And in the same 
manner p may be found, which will be the 


side of a square equal to one fourth 4 the given 
#quare A c. 3g 


Prob. 23. 


7 o draw a map equal 10 J, +, 4. 8c. of the given 
original Ac, fig. 1 and 2. Pl. 11. 


Divide the given map A c, into squares, as has 
been shewn problem 7, sect. 2. Take one of 
the squares a , and: find its half, as has been 
shewn in the preceding problem (if the required 
reduction is to be one half the original). 
Draw two indefinite lines = s, EH perpendicular 
to each other; on which set off from E to r, as 
many times the side of half the given square, as 
there are divisions in A B. Ini like manner set 
off the same length from x to h, as many times 

as 
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_ there are divisions in a b. Through the se- 
veral points 1, 2, 3, 4, &c. draw lines paral- 


lel to h c, and also to EH. Then describe in 
every square of x , what is contained in the cor- 


respondent square of the given map ac, which 


will complete the required reduction. 


Prob. 24. 


70 divide a regular polygon a B C a, into any 


number of similar polygons, fig. 3. Pl. 16. 


Let it be required to divide the regular poly 
gon A3 C A, into six similar polygons. Upon 
any side c B, describe the semicircle c DB. Cut 
off B x equal to one sixth of Bc. Draw E o per- 
pendicular to Bc, Join B; D, on which describe 


a regular hexagon 1, by problem 45, sect. 1. 


which will be one of EM SIX * required. 


Prob. 2 18 


To 0 divide an 1 irregular polygon a CB, into any 
number of similar polygons, fig. 4. Pl. 16. 


Let it for example be required to divide the 


given irregular polygon ac, into three similar 
polygons. Upon any one of its sides, as describe 
the semicircle A E B. Cut off a p equal to one 
third of AB. Draw. D E perpendicular to A B. 


Join az, and * it, as an — side to 
| A B, 


A 
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A B, describe the polygon L, similar to the given 
one A c B, by problem 3, 4 and 5, sect. 2, which 
will be one of the three polygons required. 


Froh a6, + 
To divide a given circle ABCD, into any number 


of circles, fig. 5. Pl. 16. 


Suppose it be required to divide it into five 
circles. Cut off A E equal to one fifth of the 
diameter ac. Draw E D perpendicular to Ac. 
Then join 4 p, on which as a diameter, describe 
the circle AED; and it will be one of the five 
circles required. 


Prob. 27. 


To o make a Square in any proportion to a given 
square ABCD; for instance, as 3 to 7, fig. 1 
. 
Upon one of the sides Þ c, of the given square, 
describe the semicircle pre. Divide Dc into 
seven equal parts. From the third division E, 
draw x r perpendicular to Dc; then join v e, and 
upon it describe the square x 6, which will be in 
The required proportion. —@ 
Note. In the same manner, a ciel or any 
polygon, may be described according to a N 
— - 
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Prob. 28. 
To make a map in any pro portion to a given one; 
for instance, as 3 to 5, „ Fi. 16. 
The map being divided into squares, as has 
been shewn problem 7. sect. 2. Draw a line 
EF, equal to the side of one of the squares, upon 


which describe the semicircle EG F. Divide Er 


into five equal parts. At the third division n, 


raise the perpendicular u 6 and draw vo, which 


will be the side of the required square. Then 
proceed according to problem 23. sect. 3. 


SECT: IV. 


VMkENsURATION of S̃pERTICIESs. 


— — — 


Prob. 85 


Bs + O find the area * of a hrs ; ; whether 


it be a Square, a rectangle, a * or a rhom- 
-boides.. 


Area is the superficial measure contained within the sur- 
face of any plane figure; and the surfaces are measured by 
squares; as square inches, square feet, square yards, &c. A 
square whose side is one inch, or one foot, or one yard, &c. 
is called the measuring unit, as m, fig. 1. Pl. 17. by which the 
area, or the surface of any figure is computed. 


5 Required 


Required the area of the square AB e p, 
wiv side is 5 feet, fig. 1. Pl. 17. 


Multiply as by Bc, or 5 by 5, 4 the pro- 
duct 25 will be the number of square feet con- 


tained i in the given square. 

2. Required the area of the rectangle ABCD, 
whose length AB is 9 feet, and its breadth A D 
4 tet, fig, 2. . , 

Multiply 9 by 4, and the di 36 il be 
the number of square feet in the required surface. 

3. Required the surface of the rhombus ABC p, 
whose length AB is 7 yards, and its perpendicu- 
lar height xc 6 yards, fi. 3. £6 ©. : 


Multiply 7 by 6, and the product 42 will be 


the number of square. yards, contained in the 
given figure. 
4. Required the area of the a E FON, 


whose length E is 30 feet, and its perpendicu- 


lar height B H, or DG 12 feet, fig. 4. Pl. 17. 
Multiply 30 by 12, and the product 360, will 


be the number of square feet of the required area. 


| Example. | | 

How many saucissons of 15 feet long and 11 
inches in diameter, are required to line the in- 
terior slope of the parapet of a mortar battery, 
whose length is 15 toises, or 90 feet, and its 


height 7 feet 4 inches. | 
„„ The 
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each side severally; multiply the half sum and 
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The thickness, 11 inches, being contained 8 


times in the height 7 feet 4 inches, or 88 inches, 


and the length 15 feet, 6 times in the length 15 
toises, or 90 feet. Multiply 8 by 6, and the 
product 48 will be the number of saucissons re- 
quired. 


"Prot 2. 


Jo find the area of any triangle ABC, its base 
AB, and its perpendicular height p c, being given, 


hg. 5 and 6. Pl. 17, 


Keule. 
Multiply the base A B by the perpendicular pc, 


and half the product will be the area. 


What will be the area of the triangle 4 3 c, 
whose base A B is 20 _ and its perpendicular 
14 feet? 


— x2: 140 square feet = area required. 
2 3 : 


Prob. 3. 


To Jind the area of a triangle a B o, whose three 
Sides are given, fig. „. | 


Kule. 
3 half the sum of the three sides, . 


"ON 


217 
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the three remainders continually together, and 
the square root of the n will be the area 


required*, 
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Kab 
What will be the area of the triangle ABC, the 
Side of which 4B is 50 ſet, BC 40 feet, and A c 
30 feet? | | 
+42 +39 — 60 = half sum of the three sides. 


„ Ls 
""_ s, 


+> 7 wid A * 2 
wt. 


N 
er; ͤ K 


60 - 30 2 30 S first difference. 

60 - 40 2 20 second difference. 
60 — 50 lO = third difference. 1 
30 X 20 X 10 X b0== 360000; of which the Z 9 

square root is 600 = area requires. od 


. 
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11 K - 
wt il eh 
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Prob. 4. 1 = 
. 2290 ah of a right angled e ABC, | 
being given, to find the third side, fig. 8, Pl. 17. 
Case 1. Fhen- the two Sides aB, B c forming 
the right angle are given, to find the hypothennse A c. 
Rule. 

| Take the square root of the sum of the two 

*| squares AB and Bc, and it will give the side AC, 


Case 2, pen the hypothenuse AC, and one of 
the perpendicular Sides A B, or BC are given, 
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: Rule. 8 

From the square of the hypothenuse subtract 
the square of the given side, and the square root 
of the remainder will be the side required. 


Example 1, by Case 1. fig. 8. Pl. 17. 5 
What will be the length a c, of the interior 


slope of a rampart, whose perpendicular height 
B c, 1s 17 feet, and the base A B, of the 3 


feet? 


NK 20 100 square of A 3. 

17 * 17 = 289 square of B; c. 

400 + 289 — 689 — sum of the two squares, 
of which the square root is 26-24 feet = the 
length "© = 

Example 2, by Case 1. fig. 9. Pl. 17. 

What will be the length of. the ladders B c, 
to escalade the escarp of a rampart, whose per- 
pendicular height a c, is 30 feet, and the footing 
AB, required for the ladders 10 feet? 

30-X 30 = 9oo = square Ac. 

IO X IO = IOO = Square AB.- 

900 ＋ 100 = 1000 = sum of the two squares, 
of which the square root is 31. 6 feet = — the length 
"; wo - 
Example 3, by cue 4 * 10. Pl. 17. 


If in the attack of a place, there be given the 


| _ B 4, of the ditch at the counterscarp equal to 
I8 feet, 
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1s feet, and the horizontal length B; e, from the 
top of the counterscarp to the foot of the glacis 
equal to 20 toises, or 120 feet; What will be the 
length ac, of the descent of the ditch ? 
120 X 120 = 14400 = $quare of B C. 
18 X 18 = 324 square of 3 a4. 


14400 + 324 = 14724 = sum of the two. 


Squares, of which the square root is 121-3 feet = 
the length of the descent ac. , 75 


Example 4, by Case 2. fig. 11. Pl. 17. 

The gallery Þ 5 a leading to the chamber of a 
mine 4, forms a right angle at 3; of which the 
length A B is g feet; and the effect of the powder 
being supposed to extend every way from the 
chamber a, at the distance of 25 feet; What 
length of the gallery 3 Þ is required to be stopped 


up, so as to resist the same as the rest of. the 


ground ? 

25 X 25 = 625 == $quare of 25. 

9 X 9 = 81 == Square of AB. 

625 — $1 544 of which the square root is 
23-32 feet, for the required length ; c to be 


Stopped up. 
Prob. 5. 


The three sides of a triangle ABC, being given to 


find the length of the perpendicular v e, das 


8 any 925 to its opposite side, fig. 12. PH 37 
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Rule. 
i the sum of the two sides A c 5 B e by 


their difference ac—8 c, and divide the product 
by the side A 3, add half this quotient to half 

the length of the side AB, which will give the 

greatest length a b, and subtract half the same 
quotient from half the side 4 B, which will give 
the least length s D. By this means the triangle 
AB e is divided into two right angled triangles 
ADC, BDC, in each of which two sides Ac, AD, 
and Bc, BÞ being given, the perpendicular will 
be obtained by case 2, of the preceding problem, 


Exam ple. 


What will be the length of the perpendicular 
Dc, of the triangle a Bc; AB being 60 feet, 4 5 
46 feet, and B c 40 feet. 


46 + 2 4 — —8.6 = quotient, or the dif- 
- | 


| ference between the two segments AD— BD. 
89 — 4-3 = half difference. 


2 


=+ 43 ==. 34.3 =AD. 


— = 25 7 = BD. 


Then in the right angled triangle B; D c, there 
is given the side z D = 25-7 feet, and the hypo- 
thenuse B C —= 40 feet, to find the Perpendicu- 
lar Dc. 


40 X 40 
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40 * 4 1600 square B c. 

25˙7 X 25. = 660-49 square BD. 

1600 — 660-49 —= 939-51 of which the square 
root is 30-65 feet = Dc, the perpendicular re- 
quired. | 

Note. When the three sides of an isosceles tri. 
angle are given, one of its equal sides may be 
considered as the hypothenuse, and half the base 
as the other side of a right angled triangle; in 
which case the perpendicular will be obtain Dy. 
the N problem. 


Prob. 6 


To find the area of @ trapezium AB Cc Dy fig: 13. 
. 


Draw the disgpbsb 4 0 WG which WS 
from its opposite angles 5 and Þ, the perpendi- 


culars B r, DB. Find by measurement the dia- 
gonal ac, and the perpendiculars Br, DE; then 


multiply the sum of the perpendiculars, by the 


diagonal, and half re: Product will be the area 
required. 


— 


„ 


What will be the area of the trapezium, whose | 
diagonal 4 c is 100 feet, the perpendicular 387 


40 feet, and the perpendicular v 301 feet? 
En z= 350 $quare feet = area re- 


2 
quired. 
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. c 

To find the a area 1 a ger pong AB CD, fig. I; 
117. | 
Rule, | 

- Multiply the sum of the parallel sides 4 B, DC 
by the perpendicular distance E e, and half the 
product will be the area. 

—- Example I. 

What will be the area of the trapezoid a ABCD, 
of which the parallel sides a B, Dc are 120 feet 
and go feet, and the perpendicular distance EC 
40 feet? | : 


2 1 90 X49 — 4200 square feet S area re- 
2 


quired. 


Enudiple” 2: fig. £8 
| How many square feet of sod are wanted to 
line the interior slope of a rampart, whose per- 
pendicular height A B is 17 feet, its base A E 20 
feet, its length B c at the top 216 feet, and the 
length pr at the foot 207 

27 X 17 = 189 = 8quarc of 4 B. 
20 X 20 =400 square of AE. 
400 ＋ 189 = 589, of which the square root is 
24-26=B x, the perpendicular distance between 
the parallels p E, c B. 


2164297 X 24-20 — 15 · 131 square feet = the 
quantity of sod required, 


Prob. | 


+ 
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Prob. 8. 
To find the area of any irregular figure a BCDE, 
&c. . 16. Pl. 17. 


8 1 


Draw diagonals, dividing the figure into tra- 


peziums and triangles; then having found the 


area of each by prob. 2 and 6, sect. 4, add them 


together, and the sum vill be the area required. 
Example. ; ; 
What will be the area of the figure a nc D, 


&c. having given A c — 42 feet; B1== 44 feet; 


6 35 feet; CG == 54 feet; FK = co feet; 


CE == 47 feet; DL 24 feet, and FM ==4I 


feet ? 


44 + 35 — X 42 — 1659 = area of the trapezium 


ABC G. 


24 F41 X47 — 1527-5 area of the trapezium 


ODRF. | 55 


* o = 1350 = area of the triangle GCF. 
2 


1659 * 192%. 5 + 1350 = 4836. 5 na feet 


= area a required. 


Prob. g. 


Jo find the area of a figure ABCD E, having a 


part bounded ” a curve ABC, _ 17. Pl. 17. 
Draw 
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| Rule. 
Draw a right line a c, joining the extremities 
of the curve a Bc; then find the area of the tra- 
pezium ACDE, by prob. 6, sect. 4. To Ac let 
fall as many perpendiculars rc, #1, &c. as the 
several windings of the curve require. Find 
their lengths, and divide their sum by the num- 
ber of perpendiculars, and the quotient will be 
the mean breadth, which being multiplied by 
Ac, will give the area of the part A 5 CA, to 
which the trapezium being added, will give the 
area of the required figure. 


Example. 


What will be the area of the figure AEDCBA, | 
of which E c is 178 feet; AR 69; DP 83; AC 1603 
G F 153 1 24 8B 28 ; K 1 22, and N * 10 
feet. | n 


bg + 50 + 83 X = — 13528 pany feet = = area of 


5 . 
the trapezium ACDE. | 5 oh 
15 +24 + 28 + 22 +10 — I9-8 — the mean 
breadth. 


160 K 19-8 = = 3168 Square fer : = area of the 
part A c BA. 

13528 + 3168 = 1 <quare feet = = the area 
required. | 

Note. The two preceding * are com- 
; monly made use of in lang Surveying, where, 
instead 


PRACTICAL GEOMETRY. 93 


instead of measuring by the foot, Gunter's chain 
is used, to find in a more ready manner the number 
of acres contained in a given field. But should 
there be no Gunter's chain at hand, the super- 
ficial content in feet may be divided by 43560, 
and the e will be the number of $quare 
acres. 


Prob. 10. 
To find the area of a regular polygon, 


Rule | 
Multiply the perimeter of the lia by the 


perpendicular drawn from the centre upon one 


of the sides, 1 half the product will be the 
area. | 
Rule 2. 
Multiply the area of one of the triangles by 
the number of sides, and the product will be the 
area of the polygon. 


3 


What will be the area of the re gular hexagon | 


ABCDEF (fig. 18. PL 17.) whose . is 40 
feet, and the perpendicular 6 H 34-64 feet? 
40 x 6b 240 == the perimeter. 


240 X 34.04 = 4156+8 square feet = area re- 


quired, 


— fn 
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Prob. 11. 

De diameter of a circle being given to find the 
eee or the circumference being given 10 
find the diameter, fig. 1. Pl. 18. 

The diameter or the circumference of a circle 
is found, the one from the other, by one of the 
following rules. | 


Rule 1. 
As 7 is to 22, so is the diameter to the circum- 


ference. | 
As 22 is to 7, so is the circumference to the 


diameter. . 


| Neule 2. 
As 113 is to 355, $0 is the diameter to the cir- 
cumference. | 2 
As 7616 70 11 3, 80 is the circumference to 
| the diameter. 


. Rule 3. 


As 1 1s to 31416, so is the diameter to the 
circumference. | 

As 3.1416 is to 1, so is the circumference to 
the diameter. 225 


Example 1 by Rule 1. 

What will be the circumference of a circle, 
whose diameter A c is 20 feet? 
v : 23% 
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„ circumference. 


22 X 202. 62 · 8 $7 feet = circumference 


Example 2 by Rule 2 2 


What will be the diameter ac of a circle, 


whose circumference is 36 inches ? 


355 : 113 :: 36 : diameter ac. 


5 355 11 459 inches = diameter AC. 
. 3 by Rule 3. 


What will be the circumference of a circle, 
mo diameter AC 1s 12 feet? 
::2-2416:{ 4 FH circumference. 
ns X 12 = 37-6992 feet = circumfe- 
rence. | 


Prob. 12. 


To find the length of an arc A B, the circumference 
ADB A, or the diameter D B being un 8 2. 
Pl. 18. 

Rule 1. = i; 
Case 1. When the circumference is given, make 


the following proportion, as 360? is to the number of 


degrees in the arc, 50 is the circumference zo the 
ng of the arc. . 


Rule 
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96 PRACTICAL GEOMETRY. 


| : Rule 2. | 5 
Case 2. When the diameter is given, first find 
the circumference by prob. 1 15 Sect. 4; and then the 


1 length of the arc as in case 1. 


Example. 
The arc a 5 being 70 degrees, and the circum- 


| ference A DBA bo feet, What will be the "_ 


of the are a8? 
Then 360: 70* :: 60 arc AB. 


2 8 = 11-0666 feet S arc AB. 


Prob. 13. 
To find the a area of a circle, fig. 1. Pl. 18. 


The area of a circle i is obtained by one of the | 
following rules. 


Rule I. 
Multiply half the circumference by half the 


| * and he product will be the area. 


Rule 2. 


= 
Multiply the circumference by + of the diame- 
ter, or by ⁊ the radius, and che . will be 


| the area. 


| Rule 3. 
Multiply the circumference by the diameter, 
5 . 4 of the _— will be the area. 


Rule 
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Rule 4. 


' Multiply the square of the diameter by 2 45 , 
and the product will be the area. 


Example 1, by Rule 1. 
What will be the area of a circle, whose cir- 


cumference ACBD Is 55-5488 inches, and its 


diameter 4 B 18 inches? 
£55420 = 27-7744 == half the circumference. 


= =9 = half the diameter. 


27.7744 * 9 249-9696 square inches 
area. | 
Example 2, by Rule 4. 
What will be the area of a circle, whose diame- 
ter A B is 12 feet? 


I2 X I2 == 144 == square of the e * 


7854 X 144 = 113-0976 square feet S area. 


Prob. 14. 


The area of a circle ACBD A, being given 10 *5 


the diameter A B, fig. 1. Pl. 18. 


Rule. 


Divide the area of the circle by . 7854, and 
take the square root of the quotient, which will 
be the diameter. 


* See Mr. Bonnycastle's Mensuration. 


H Example. 
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98 PRACTICAL GEOMETRY. 


Example. 


What will be the diameter A B of the circle 
ac, its area being 176-7150 square feet: 


276.7150 == 225, of which the n. root is 15 


785⁴ 
feet = the diameter required. 


80 15. 


Pl. 18. 


- Rake ; 


Multiply half the semicircumference by the 
radius DA, and 8 will be the area. 


Rule 2. 
Multiply the square of the diameter a c, by 
7854, and half the product will be the area. 
| Example, by Rule * 
What will be the area of the semicircle 4 BCA, 


its diameter ac being 50 inches? 
5O X 50 == 2500 == square Ac. 


27854 5 259 — 981-75 square inches == area re- 


quired. 


Prob. 16. 


To find the area of a sector, fig. 2. Pl. 18. 
Rule, 


To find the area of a Semicircle ABCA, fig. Is | 


MY 


«Ky 
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Rule. 


| Multiply the radius .c by the arc 4 B, and 
half the product will be the area. 


Example. 


What will be the area of the sector AB 5 its 
radius B c being 30 inches, and the length of the 
arc AB, 36-6 inches ? 


. == 549 square inches == area required. 


Prob. 17. 


To nd the area a of the Segment of a cirele fig. 4. 
Pl. 18. 


Rule 


1. Find the area of the sector A DCBA, or 


that of A DOE A, by the preceding problem, ac- 


cording as the area of the less or greater segment 


is required. 


2. Find the area of the triangle a eb, formed 


by the chord a c of the segments, and the radii 
DA, DC of the sectors. 

3. Then the sum or difference of these areas, 
according as the segment is greater, or less than 
a semicircle, will be the area. 


Example 1. 


What will be the area of the less segment 
ACB 5 the radius D 4 being 20 inches, the chord 
HK Ac 
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100 PRACTICAL GEOMETRY. - 

AC 22-42 inches, the length of the arc AB C 
24-43 inches, and the perpendicular I DG 16-56 
inches? | 


24:43 2 79 =— 244-3 8qQuare inches = area of he 
2 | | : | 


sector AB DPA. 


2 
of the triangle ADC. 
a3 — 185-6376 = = 58. Wy square inches 


S area required. 


9342 X 10-50 = 1 18 5.6376 square inches = area 


Example 2. 

What will be the area of the greater segment 
ACEFA, the length of the arc Are being 
101-23 inches, the radius p 4, the chord a c, and 
the perpendicular v to be of the same dimen- 
Sions as those given in the preceding example ? 


_ 201-23 X 29 — 1012-3 square inches = area of 


the sector A D Ef. 


22.43 X 16.56 1 5. 6376 square inches = area 
2 


of the triangle ADC. 


1012-3 + 185-6376 = 1197: 9376 square inches 
== area required. | 


Prob. 1 8. 


To o find the area of the Space AB; D k A, included 
between two parallel chords à ;, E D, and be 70 
arcs AF, BD, fig. 5. Pl. 18. 
Rule. 
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Rule. 


Find the area of each segment EFD, and 
Ar B aA, and their difference will be the area re- 
quired. 


—_— - ” 4 * - * = 2 aa 

n . 4 * 4 » G 8 it SS ee” wok = = <a 

r : . 9 
5 of So = 2 * — I # 23 
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Example. 


What will be the area of the space aBDEA, 9 
the radius c B, or ep being 20 inches, the length 
of the arc E D 48-8693 inches, the length of the 
arc AFB 24-4346, the greater chord ED 37-6 
inches, and the less chord A B 23-4 inches? 

— X 22 — 488-693 S area of the sector 


27 

1 
01 
1 

7 
* % 

* 

% 
£, 
4 4 
471 
+ 
1 
a 
M 
£ 

#? 


* 
* 
* 

. 
2 
= 

(F 

F 


Tt 
—. 


EFDCE; (see prob. 16. sect. 4.) 
37.6 Xx 6.8 
7 
CED; (see prob. 4. sect. 4.) 
488-693 — 127-84 = {INS 853 S area of the 
segment E DE. 


rn 


—' 127-84 = area of the triangle . 


r 
SES 5 
3 
e 


. 

r 

n 8 
1 WV 


8 2 
r 5 
9 e 5 
- . Sy Ab ” 


2 
AFB CA. | 
23.4 X 16.6 
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24.4346 X 20 = 244 346 = area of the sector 
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5 3 . 


g's nv im et ped hon 4 
— = err = SOT 


= 194522 = Arca of the triangle 


D 


A B C. 
244.346 — 194.22 = 50-126 = area of the 
segment AFBA. | : 
Then 360-853 — 50. +126 == 31 727 5quare 


inches = area required. 
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102 PRACTICAL GEOMETRY. 


Note. When the centre c of the circle is 
within the space AB ED 4, as fig. 6, from the 


area of the circle subtract the sum of the areas of 
the two segments DFED, AGB A, and the dif- 
ference will be the required area. And the same 


rule is also observed, whether the two chords 


are parallel, or otherwise, _ in fig. 7. PL 18. 


Prob. 19. 


To find the area of a ring . between the 
Foo circumferences ABCDA, EFGHE of Iwo con- 


centric circles, fig. 8. Pl. 18. 


| Rule. 
Multiply half the sum of the circumferences, 


by half the difference. of their diameters, and the 


product will be the area. 


Example. 

What will be the area of the ring arc na, the 
diameter a c being 72 inches, and the diameter 
EG 40 inches? | | 

$1416 X 72 226-1952 = circumference 
ARBCDA; (see prob. 11. ect. 4. | 

3-1416 X 40 = 125-6649 = circumference 
EFGHFE. | 


— 125.6640 
2 


of the two circumferences. 


== 0 gags = half the sum 


Lo 
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21 = 16 == half difference of the two 


diameters Ac, E G. 


175-9296 X 55 2814. $736 Square inches = = 


area required. 
- Note. In the same manner may be b 


the area of any part ABF EA of the ring, included 
between the lines A E, B F, and the arcs AB, EF, 
by multiplying half the sum of the two arcs by 
AB, half the difference of the two diameters a c, 
E d, or by the difference of the two radii A, NE. 


Prob. 20. 


To find the area of a lune, or the Space ACBDA, 
included between the intersecting arcs ACB, ADB 
of two excentric circles, fig, 9. Pl. 18. 


Rule. 


To find the area of each segment acB a, 
ADB A, by prob. 16. sect. 4, and their difference 
will be the required area of the lune ac BDA. 


Prob. 21. 
To find the area of an ellipse A M DIL, according 
to the construction of prob, 31. Sect. 1. fig. 10. 
PL-18. 
| Rule. | 
Find the sum of the areas of the sectors AGB, 


FKEL, BICM, and EG CD, by prob. 16. sect. 4, 
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from which subtract the area of the lozenge 
GIHK, and the difference will be the required 
area. 3 - 8 


Prob. 22. 
To find the area of an __ ACBD, 8. 15 
Pl. 18. | 


ES 


Multiply continually together the two diame- 
ters AB, CD, and the number 11. Divide the 
last product by 14, and the quotient will be the 
area nearly true. 

N | 

What will be the area of the ellipse 4 DBC A, 


its transverse A B being 15 feet, and its conjugate 
op 10 feet? i 


II X IS X 10 _— 177. 8 5 5quare feet = area re- 
14 


quired. 


Another method Still nearer. 
Rule. b 
_ Multiply continually together the two diame- 
ters, and the number -7854, and the product will 
be the area of the ellipse. 


Example. 


What will be the area of the ellipse 4 b CA, 


its transverse A B being 25 inches, and conjugate 
c D 18 inches? 


7854 
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78 54 X 25 X 18 23530 . inches 
area required. 


Prob. 2 3. 
To find the area of the PO ABCA, * 12. 
Pl. 18. 
Rule. 

Multiply the base Ac by the i D * and 

the 7 of the product will be the area. 
Example. 

What will be the area of the parabola ABCA, 
Its base ac being 20 feet, and its height DB 12 
feet ? | 

20 X 12 == 240. 

249X2 — 160 square feet S area required. 


SECT. V. 


MEensuRATION of SOLIDS. 


DEFINITIONS. 


A Solid, is a body contained under three 
3 or extended in length, bre and 


thickness. 
2. Solids are measured by cubes, whose sides 


are each an inch, a foot, a yard, &c. and the 
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105 PRACTICAL GEOMETRV. 
solidity, capacity, or content of any figure, is 
computed by the number of such cubes as are 
contained in it. 

3. Solidities are terminated, either by one 
Surface, as a globe, or by several Surfaces, either 
Plane or curved. 

4. A Cube, is a solid contained by six c equal 
square sides, as fig. 1. Pl. 19. 

5. A Parallelepipedon, is a solid comprehended 
under six parallelograms, every opposite two of 
which are equal and parallel, as fig. 2. Pl. 19. 

6. A Prism, is a solid, whose ends are two 
equal and similar plane figures, and its sides pa- 
rallelograms, as fig. 3. Pl. 19. 

It is called a friangular prism, when its ends 
AB E, GHF are triangles; a gquare prism, when 
its ends are squares; a pentagonal Prism, when its 
ends are pentagons, and so on. | 

7. A Cylinder, is a solid described by the 1 re- 
volution of a right angled parallelogram cos x, 
about one of its sides c D, which remains fixed, 
fig. 4. Pl. 19. 

8. A Pyramid, is a zolid whue sides are all 
triangles, meeting together in a point, and the 
base any plane figure whatever, as fig. 5. Pl. 19. 

It is called a triangular pyramid, when its base 
is a triangle; a Square pyramid, when its base is a 
square; a pentagonal pyramid, when its base is a 
pentagon, and so on. ; 


9. A Prism 


PRACTICAL GEOMETRY. 107 


9. A Prism, or a pyramid, is regular, or ir- 
regular, according as its base is a regular, or ir- 
regular plane figure. 

Io. A Cone, is a round pyramid, of which the 
base is a circle, as fig. 6. Pl. 19. 

11. Aline p drawn from the vertex to the 
centre of the base, or through the centres of the 
two ends, is called the axis of a solid, fig. 3, 4. 
6 6. Ph-10-- | 

12. When the axis c o is perpendicular to the 
base, it is a right prism, pyramid, or cone, other- 
wise it is oblique. 

13. The Segment of a pyramid, cone, or any 

other solid, is a part DE FG, cut off from the top 
by a plane Ds x, parallel to the base a B c, fig. 7. 
FI. 19. | 
14. A Frustum, or Trunk, is the part ABCDEF, 
that remains at the bottom, after the segment 1s 
ect ol, fig. , 
15. An Ungula, or Hoof, is a part of a cylin- 
der or cone, cut off by a plane, passing obliquely 
through the plane of the base, and one of the 
sides of the solid, as ABCD 4, fig. 8. Pl. 19. 


16. A Sphere, is a solid contained under one 


convex surface, and is described by the revolu- 
tion of a semicircle about its diameter, which 
remains fixed, fig. 9. Pl. 19. e | 
17. The Centre of the sphere, is such a point 
c within the solid, as is every where ung dis- 
tant from the convex surface of it, fig. 9. 


18. A Diameter 
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18. A Diameter of a sphere, is a straight line 
A B, which passes through the centre c, and is 


terminated both ways by the convex surface. 


This line is also called the axis of the ophere, 
fig. 9. 

19. A Circle AEBYA, ck divides the 
sphere into two equal parts, or hemispheres, is 
called a great circle of the sphere, fig. 9. 

20. A Circle HK, which divides the 
Sphere into two unequal parts, is called a ft 
circle of the sphere, fig. 9. | 

21. A Segment of a Sphere, is a part p cut off 
by a plane, the section of which is always a cir- 
cle GHIKG, enen the base of the Segment, 
fig. 9. 

22. A Sector of a sphere, is that which is 
composed of a segment aDB FAG less than an 
hemisphere, and of a cone 45 GA r, fg. 10. 
EL 19. 

23. A Zone of a W is that part which is 
intercepted between two parallel planes ABDE a, 
FGHIF; and when these planes are equally dis- 
tant from the centre c, it is called the middle 
zone of the Sphere, fig. 11. Pl. 19. 

24. A Spheroid, or as it may be more properly 
called an Ellipsoid, is a solid, generated by the 


revolution of a semi-ellipse, about one of its 


diameters, which remains fixed, fig. 12. Pl. 19. 
There are two sorts of spheroids, prolate and 


The 
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The spheroid or ellipsoid, is called prolate, 


when the revolution is made about the transverse 
diameter A B, and oblate when it is made about 
the conjugate diameter p. 


Prob. 1. 
7 0 88 the Surface of a cube A D, fig. 1. PL. 20. 


| Rule. 

Multiply the square of one of the linear sides 
AB by 6 (the number of faces of the cube), and 
the product will be the area. 

Example. 


Suppose the linear side AB to be 5 inches, 
whtat will be the area of the cube? 

S X 5 = 25 S square of AB. 

25 N 6 = == I50 square inches SDarea required. 


Prob. 2. 
To find the Solidity Y a cube AD, fig. 2. Pl. 20. 
5 1 


Multiply the square of the linear side A B, by 
the side A c, or A B, and the product will be the 


solidity. 
Example. 


Wust will be the solidity of the cube ap, 


whose linear side AB, or AC is 7 inches? 
TXT 
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110 PRACTICAL GEeoMETRY. 
97 7 = 49 square of A B. 
49 X 7 * == 343 Cubic inches = the solidity re- 


| quired. 


Prob. 3. 


T; 0 fad the Solidtty of a parallelepipedmn E B, 
fig. 3. Pl. 20. 


| Rule. 
Multiply the length A3 by the breadth A c, 


and that product again by the thickness, or 


depth e E, and it will give the solidity required. 


Example. 
What will be the Solidity of the parallelepipe- 


don B, whose length A B is 7 feet, its breadth 


AC 4 feet, and its thickness c E 3 feet ? 

7 X 4 X 3 = 84 solid feet solidity re- 
quired. | 
Prob, 4. 

70 find the Surface of a 1 8 Prism B BDC, ig, 45 


PL 20. 


"Rube. 
Multiply the perimeter of the base aB c a, by 


one of the linear edges AD, to which product 
add the areas of the two ends A B C, DEF, and 


their sum will be the whole surface. 


Example. 
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Example. 


What will be the surface of the prism AE c, 


whose linear side AB, or Ac is 6 inches, its 
length a p 12 inches, and the perpendicular a 6 
of the triangle c AB 5-19 inches? 
S 3 ==x =18 = perimeter AB C A. 
18 X 12 = = 216 —area of the three faces. 
SR 8 hs == I 5-57 == area of the triangle 4 B e. 


15 8 X 2 = 31-I4==area of the two ends. 

216 + 31-14 = 247-14 "mM inches = area 
required. 

Note 1. In the same manner may be obtained 
the surface of a right prism of any number of 
Sides, whether its ends are regular, or irregular 


polygons. | 
Note 2. When it is required to find the sur- 


face of an oblique prism, fig. 5. the surface of 


its sides and ends must be calculated separately, 
and their sum will be the whole surface. 


Prob. 5. 


T7 0 find the rolidity of a right prism, , fig. 6. 
I. 20. 


Rule. 
Multiply the area of the base AB DE by the 


height, or length A r, and the product will be 


the ir. 
| Example. 
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7 3X 7 == 49 == quare "IR 
RX 7= 343 Cubic inches = the solidity re- 


quired. 


eb 


7⁰ find the solidity of a parallelepipedan E B, 
fig. 3. Pl. 20. 


Rule. 
Multiply the length A B by the breadth A c, 


and that product again by the thickness, or 
depth c x, and it will give the solidity required. 


Example. 


What will be the solidity of the „ 
don r B, Whose length A B is 7 feet, its breadth 
AC 4 feet, and its thickness c E 3 feet? 

7 Xx 4 X 3 84 solid feet = solidity re- 
quired. | 


Prob, PT 
To find the surface of « a right prism BDC, figs 4+ 


-PL. 20. 


Rule. 7 
Multiply the perimeter of the base as c a, by 


one of the linear edges aD, to which product 
add the areas of the two ends AB c, DEF, and 


their sum will be the whole surface. 
| : Example, 
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"Exam ple. 


What will be the surface of the prism AEC, 


whose linear 8ide AB, or AC is 6 inches, its 
length a D 12 inches, and the perpendicular AG 
of the triangle AB 5-19 inches? 

6% 3.1 — perimeter A 3 C A. 

18 X 12 = 216 — area of the three faces. 


i 6 x 8 19 = 15-57 = area of the triangle AB c. 


15 · oy X 2 = 31-I4==area of the two ends. 

216 + 31-14 = 2774 square inches S area 
required. 

Note 1. In the same manner may be init 
the surface of a right prism of any number of 
Sides, whether its ends are regular, or irregular 
3 | 

Note 2, When it is required to find the sur- 
face of an oblique prism, fig. 5. the surface of 
its sides and ends must be calculated separately, 

and their sum will be the whole surface. 


Prob. Ge 
T7 0 find the wolidity of a "NO priem, hg. 6. 
ä 
Rule. 
Multiply the area of the base A BDE by the 
height, or length A r, and the produet will be 


the zolidity. 
Exit 


* 
Is 
5 

1 
br. 
f 
it 
2 
* 
bt 

44” 
© 


at Das 


1 


ar er 
— — — 2 


— 


Su 


S 


E 
Ke = * 
DCA 1 ma as as as as ae 
ately ones 8 9 n 22 
ITS Eons otra ERS eu n 


8 


AY 
FT; 
112 
2.4 
$ 
i ity: 
1 
by 
Ix: 


112 PRACTICAL GEOMETRY. 


Example. 

Required the solidity of the pentagonal prism | 
AG, whose linear side AB or Bc at the base, is 
8 inches, the perpendicular 1 Kk 5 · 5 inches, and 
the length A r 24 inches? 8 
8 X 5 = 40= perimeter AB DEA. 


49X5'5 — 110 · o D area of the base ABCDEA 
2 : 


(see * 10. sect. 4.) | 
110 · o X 24 == 2640-0 cubic inches solidity | 
required. + 


Prob. 6. 
7 find the Solidity of a quadrangular pricm DE, 
whose base is a e ABCD, ig. 7. PL 20. 


Rule. | 
Multiply the area of the trapezium ABCD (see 
prob. 6. sect. 4.) by the length A r, and the pro- 
duct will be the solidity. 


Example I. 


What will be the solidity of a bank of earth 
DE, whose length Ar is 250 feet, the diagonal 
A © 27 feet, the perpendicular DH 15 feet, and 
the perpendicular BG 6 feet? 


3 : X27 — 183-5 $quare feet = area of the 


craperiumy ABC D. 
183-5; 


x 
2 


AS 


$7947 4 Ras.* 
— 


my 2 
e 
— 4 — 


f 


* 
—— 
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| 183. 5 X 250 = 4674 cubic feet = solidity 
required. 


* 
: . 
5 2 
2 
; 
w” 
7 
5 
Vs 


| n * 
Required the solidity of the revetement A B of 
a rampart, ( fig. 8.) whose thickness PE at the 


top is 5 feet, the base ac 11 feet, the height 4 AD 
36 feet, feet, and the length E 5 120 feet? 


11+5 >. X 30 — 288 — area of the trapezoid 


ACED i prob. 7. sect. 4.) | 
288 X 120 = 34560 cubic feet =  zolidity re- 
quired, 


Example 3. 


It is required to find the solidity of the ram- 
part AB DKL, its parapet and banquette in- 
cluded, fig. 9. Pl. 20 | — 
Divide the profile 4 r B into a trapezium, tra- 
pezoids and triangles, by prob. 8. sect. 4. in 
which suppose to be given 4B = 87 feet; EC 
2 57 feet; M Cm I8 feet 1 P = 21·5 feet; HP 
= feet; DR==13 feet; HI feet; NO =4 
feet; ¶ ND; feet; and B L == 200 feet. 


87 +57X18 — 1296 = area of the trapezoid 3 
2 | ; | f 


1 | $ 


LES = = 107-5 = area of the trapezium 


5 | 74 
| | 2 

I * 

9 T 4 5 
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24525 = 19-5 == area of the b 


N OI. 

1296 + 107: 5 ＋ 195 5 == 1423 · O area of the 
profile AFB. 
_ 14230 X 200 = 284600 cubic feet = == $olidity 
required. ; 


„ 7. 
To find the breadth of a ditch, whose length and 
_ depth are given, having a Slope at the escarp and 
counterscarp, each equal to half the depth of the 
ditch, in order to produce a required number of Solid 
feet of earth, to construct the dead o a mortar 
05 fig. 10. Fl. 20: | 


Rule. 


Divide the given content by the length of the 
-ditch, and the quotient again by the depth ; then 
to this last quotient add half the depth, and the 

sum will be the required breadth. | 


Example. 


What will be the breadth A B of a ditch, whose 
length BE is 60 feet, and depth v c 6 feet, hav- 
ing a slope on each side of 3 feet; 6480 solid 
feet of earth being ne to construct the pa- 


rapet FG? 


78 = 108 = first quotient, 
_— | 


# 


108 
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3 — 18 = second quotient. 


Then 18 + 3 = 21 feet = AB, the required 
breadth, 


Prob. 8. 
To find the Convex Surface of « a cylinder AF, 
fig. x1. £1. 30 


Rule. 


| Multiply the circumference 4 3 A by the 


length az, and the product will be the convex 
Surface required. 


Example. 


What will be the convex surface of the cylin- 
der a r whose diameter 4 c is 8 inches, and 
length a E 20 inches? . | 

3.1416 K $8 == ee = einsame be tf 
aB CDA. | 

26-1328 X 20 = 502.6560 square inches = 
surface required. 

Note. To obtain the whole surface of che cy- 
linder Ar, add twice the area of one of its ends 
to the convex surface, and their sum will be the 
whole surface . | 


To find the vidi Bs a cylinder A F, fig. - op | 
Pl. 20. 1 | | 
1 5 Rule. - ; 
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Sie | 
| Multiply the area of the base 4 3 cDa by its 


length A r, and the product will be the solidity. 


E 
What will be the solidity of the cylinder AF, 


whose diameter a c is 20 inches, and length AE 


40 inches ? : 
20 X 20= 400 = square of ac. 
+7854 X 400 — 314 1600 = area ABCDA. 
314-1600 X 40 = 12566-4 Cubic inches = so- 


lidity required. 


| Prob. 10. 
To find the solidity of an oblique prism, or an ob- 


lique cylinder, fig. 12 and 13. Pl. 20. 


. „ 5 
Multiply the area of one of the ends by the 


perpendicular CD, and the product wall be the 
| solidity. 


Example. 


What will be the solidity of the cylinder AD, 
fig. 13. Pl. 20, whose diameter A B is 10 inches, 


f and its perpendicular height c Þ 25 inches? 


10 * IO== 100 square A B. 
7854 * e 5400 = area of the circle 


AEBFA, | i . 
. 78-5400 
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78. +5400 25 = . 5 cubic inches = = 8$011- 
dit required. | 


Prob. 11. 

' The oolidity and the length of a cylinder being 
given, to find the area of one of its ends AB CD, and 
its diameter A c, fig. 11. Pl. 20. 

| Rule. 

Divide the content by the length, and the 

quotient will be the area of one of its ends; then 

dividing the area found by -7854, the square 

root of this last Geng will be the diameter re- 
quired. : 


[ 


: Heal 
What will be the area of one of the ends AB C pA, 
the solidity of the cylinder A r. being 565-4880 


cubic inches, and the 3 or length at 20 


inches ? 
565.4880 
20 
ABCD, — 1 | 
7 == 36, of which the square root is 6 = 
the diameter required, 


Prob. 12. 


20 find the content of the Solid part of « a hollow 
exlinger, fig. * Pl. 20. 
0 Rule 


=> 28-2744 S area of one of the ends 


* 1 n * * * . 
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Rule 1. 


From the content of the cylinder 4 c, subtract 
the content of the cylinder or, and the difference 


will be the solidity (see prob. 9.) 


Rule 2. 
Multiply the area of the ring 1 DHFL ( prob. 18. 


sect. 4) by the height 4 D, and the * will 
be the solidity. \ 


Example, by Rule 1. 


What will be the content of the solid part of 
the hollow cylinder a c, whose diameter AB is 12 
inches, the diameter E 8 inches, and the ht 
AD 20 inches? 

12 X 12 =144 == square of the diameter AB. 

7854 * 144 = IN e == area of the circle 
AB. 

19-0976 X 20 == 2261-9520 = content of 
Ac. 

8 * 8 „ 

7854 * be = * == area of the circle 
E r. 
50. 2656 * 20 = 1005 · 3120 = content of 6 F. 
2261-9520 — 1005-3120 = 1256. 64 cubic i in- 
— S= Solidity required. 


| Prob. 
To find the Solidity of the . of a priem AD, 


Rule. 


f \ 
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"- Mate. 


Multiply cha area of the base a Bc, by the 
sum of the three edges ar, BE, CD, and 7 of the 
product will be the solidity. 

| Example. 

What will be the solidity of the frustum of 
the prism 4 D, whose three edges Ar, BE, CD 
are 8, 9 and 12 feet, one of the sides 4 3 6 feet, 
and the perpendicular a 6 5-19 feet? 


| — 2 x6 = re 57 ==area of the base ABC. 


8 4 9 + 12 = 29 sum of the three edges. 
57.229 = 150*-5r. cubic feet == ed, 
quired, 


Prob. 14. 
To find the Solidity of a part AFDB of any trian- 


gular prism, whose ends are neither parallel to each 


other, nor perpendicular 10 its des, fig. 2. DE 2h» 


Rule. 


Multiply the area of the perpendicular section 


GHT,; by the sum of the three edges AB, FC, ED, 
and 3; of the product will be the solidity. 


15 Example. 
What will be the solidity of the triangular 
- prism AFD, whose three edges A B, FC, ED are 
4 e 
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5 feet 4 inches, 4 feet 2 inches, 2 feet 6 IVY | 
G H 15 inches, HI 15 inches, and GI 10 inches? 

Find the area of the perpendicular section 
GHI by prob. 3, or by the note of prob. 5. 


: sect. 4, which will be 70-7 square inches. 


5 feet + inches = 64 inches. 


4—2 — 50 — 
2——6 == JO 5 
Then 64 + 50 + 30 X 70. 7. — 3393. 6 cubic in- 


3 
ches solidity — 


Note. In the same manner the solidity of a 
cuneus, or wedge may be obtained, fig. 3. Pl. 21. 


- | Example. 


What vill be the solidity of the wedge A D E, 
whose edges A B, CD, EF are 9 inches, 9 inches 
and 7 inches; and the sides of the perpendicular 


section LMN, that is LM, MN each 14 inches, 
and the base LN 4 inches? 


Find the area of the perpendicular section 
L MN, as has been shewn in the preceding pro- 


blem, which will be 27-712 square inches. 


Then 2222 x 9 + 2.3.7 2 230-933 cubic in- 
| 3 
ches S solidity. 


prob. 13. 
7 find the solidity of the Frustum of a prism, of 


any number of sides, fig. 4. Fl. 21, 


Rule. 
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Rule. 

Draw the diagonals a c, Bc dividing the solid 
into triangular prisms. Then find the solidity of 
each of those prisms, by one of the preceding 
problems, and their sum will be the solidity re- 


quired, 


Prob. 1 6. 


To fd the convex Surface of any part of a cylin- 
der, made by a perpendicular Section, fig. $- Pl. 21. 
Rule. 


Multiply the length of the arc AB C by che 
height a p, and the product will be the curve 


surface. - 
Example. 


What will be the convex zrface of the 26ction 
Kk, the length of the arc a Bc being 18 inches, 


and the length a D 40 inches ? 
18 X 40 = 720 square inches == the « curve 


surface required. 


prob. 17 


To find the oalidity of any part of a cflinder, made 
2 a net Section, fig. 5. Pl. 21. 


Rule. 
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_ Rule, | 
Multiply the area of the base a Bc a by the 


height a D, and the product will be the solidity. 


*; 


| Example. | 
What will be the solidity of the part K of the 


cylinder E r, whose linear length of the arc A 53 


is 1047 inches, the chord A c 8.6 inches, the 
radius A inelſẽs, and the height 30 inches? 

Find the area of the base A »c 4 by problem 
16 and 17, sect. 4. which will be 15-210 square 
inches. Then 15-210 * 30 = 456- 3 cubic in- 
ches = == the arg: TO 


Pro 18. 


70 find the golidities of the 1290 parts AB, c 
of a cylinder A B, cut by two Planes CF, GF forming 
an angle at the axis EF, fig. 6. Pl. 21. 


Rule. 


From the content of the cylinder 4 D, : anberact 
that of the part cr p c, and the difference will be 
the solidity of the part ACFB G. 


** 


Example. 
What will be the content of the part CF DGCc, 
the radius E & being 7 inches, the length G Þ 25 
inches, and the angle c x 6 95 degrees? 7 
. N Find 
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1. Find the area of the base a H, of the cy- 
linder A B, by prob 13, sect. 4. which will be 


153.9384 square inches. 
2. Find the area of the base c G, of the part 


_ eFDc, by prob. 12 and 16, sect. 4, which will 
be 40-6226 square inches. 
Then 153-9384 X 25 = = 3848- 46 = content 


of the cylinder A Bo”. | 
40.6226 K 25 = IO15-565 = content of the 


part c FDC. 
3848-46 — 1015: 565 = 2832 898 — content 
of the part ACFBG. 


Prob. 19. 


To find the convex Surface of a frurtom of a cylin- 


der, fig. 7. Pl. 21. : 
Rule. 


Multiply the circumference ABCDA, by half 


the sum of the least and greatest lengths AF, 0 E, 
and the product will be the surface required. 


Example. 


What will be the convex surface of the frus- 
tum Ak, whose diameter A c is 18 inches, the 
length a 10 inches, 1 the length c E 15 


inches? 


31416 * IS = = 56 Pe ns circumference 


AB C p. 


56 5488 
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56. 5488 3 22 3 a 706+ 86 square inches 28 


2 
surface required. 


Prob. 20. 
To find the Solidity of the fructum of a Hlinder, 
fig. 7. PL 21. | 


Rule, 


Multiply the area of the base 4  c Da, by half 
the greatest and the least lengths c E, 4 F, and the 
product will be the solidity. 


| 


Exam ple. 


What will be the solidity of the frustum AF, ; 
whose diameter AC is 24 inches, the length c E 
356 inches, and the length A r 20 inches? . 
Find the area of the circle by prob. 13. sect. 4. 
24 X 24 $76 = square of the diameter Ac. 
7854 X $76 = == 40 1 8 == area of the base 
ABCDA. | 


452-3904 * 6+ 20 = 12666-9312 cubic in- 


ches = solidity required. 


Prob. 1. 


To find the content of the solid part of the heulen 
| of a hollow _— ng. 8. TE 21. | 


Nule 
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Rule 1. 
From the content of the frustum A B of the cy- 
linder, subtract the content of that G b, and the 
difference will be the solidity 6 see the preceding 


_ E 
Rule 2. 


Multiply the area of the ring AHOL, by half 


the sum of the greatest and the least lengths c B, 
AF, and the product will be the zolidity (see 
Prob. 19. sect. 4.) | 


F 


Example by Rule 2. 


What will be the content of the solid part of 
the frustum A B, whose diameter A c is 15 inches, 


the diameter G o 10 inches, the length c Bs 20 in- 


ches, and the length ar 17 inches? 


3-1416 X I5 = 47-1240 = circumference of 


— 


diameter A c. 


3.1416 X 10 = 31. An. = circumference a 


diameter o. 


gy 
ameters. 


15—=12 — 2.5 = half difference of the di- 


47-1240 + 31-4160 . 39.27 = half sum of the 


2 
circumferences. 


39-27 X 2.5 = = 98.175 5 square inches = area a of 


the ring AH o . 


98.175 
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98. „ + 17 = 1816.237; cubic inches 


== the solidity — | 
Note. If it was required to find the weight of 
metal the frustum is made of, as for instance of 
cast iron: Multiply the content in solid inches, 
by 4. 2968 and the product wal be the weight 
required. 


e e enen _ 


„e e 
- 7 
— — — — —— — 5 . 


Prob. 22. 


To find the rolidiry and the weight of metal of the 
irunnion of a 24 pounder, heavy gun, fig. 9. Pl. 271. | 


Rule, 


From the solidity of the frustum of "P eylin- 
der o r, take the content of the section A D Kc, 
cut off by the convexity of the second reinforce, 
and the difference will be the solidity. 

To find the solidity of the section AD xc, 
multiply the greatest thickness AB by B x, and 
this product again by + of Dc, and this last pro- 

duct will be the content nearly. 


- 


oem en Sore eee ee 
— * ., - a % o i 


Example. 


What will 5 the solidity of the trunnion of: a 
24 pounder heavy gun, whose diameter FG is 
5.824 inches, its greatest length DG 8.64, its 
least length cr 6 inches; the diameter c p 6.4, 
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A cubic inch of caſt iron weighs 4.2968 ounces. 1 
„ | . and 


— 
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and the greatest thickness A B of the section. 68 


hundreths of an inch? 


For the frustum Dr (see prob. 20.) 


5. 824 X 5.824 = 33. 918976 square of the 
diameter r. 


33.918976 X 8.64 + 6 = 248.2869 cubic inches 
2 
= solidity p r. ” . 
For the section o ADR e. 


5.824 X .68 = 3. 96032. 
; 96032 X 04 X4 — 14. 5 cubic inches the 
7 


solidity of the section CAD K e. | 
Then 248.2869 — 14.5 = 233.8035 Cubic in- 
ches = solidity required. 


The content 233. 8035 being multiplied by | 


5. o833*, the product will be the weight in 
ounces when brass, and when iron by 4.2968. 


Prob. 2 3. 
To find the solidity of a 255 or ungula A DE CA, 
of a JOY big. 10. Pl. 21. 


Rule. 


Multiply the surface of the . ol tri- 
angle LEC by F of the diameter 4 D, or B E, and 
the product will be the solidity. 


* A cubic inch of gun metal weighs: 8.083 3 ounces, and a 


| cubic inch of caſt iron weighs 4.2968 ounces, 


Example. 
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. Example. | 
It is required to find the solidity of one of the 
ungulas a EDS of the round turret, erected upon 


the middle of a batardeau, whose diameter AD is 
9 feet LE 4.5 feet, and c x 4.5 feet? 


45X4+5 — 10.12 5 feet surface of the 
2 


triangle L E c. 
10.125 X — = os 75 cubic ſet = == the so- 
lidity 3 


Prob. 24. 


To find the surface of a On ee fig. 11. 
. 
Rule. 


Multiply the perimeter aBcDEa of the base 
by the length K s, and half the * will be 
| the surface. | 


Example, 


What will be the surface of the pentagonal py- 
ramid s, one of its sides A B at the base b 4 
feet, and the length ks 25 feet? 

4 X 5; 20 the perimeter of the base. 


2235 = = 2 50 square feet = the surface re- : 


| win ired. 


Note. 
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Note. The same rule is used for an irregular 


pyramid, fig. 12, by finding first the area of the 
base, and the surface of each side As B, As c, 


&c. by prob. 2 and 8. sect. 4. and their sum 
will be the surface required. 
Prob. 28 


To fu the Solidity of a regular pyramid ABCES, 
fig. II. Pl. 23 - 


Raule. 


Multiply the area of the base ABC Dea, by 
of the perpendicular height os, and the pro- 


duct will be the solidity. 


Exam ale 


What will be the solidity of the pentagonal 
pyramid AcEs, whose linear side A B of the base 


is 6 feet, the perpendicular k o 4.12 feet, and the 


perpendicular height o s 30 feet? 
6 X 5, 39 =the perimeter. 


39 X 412 — 61.80 square feet => area of the 


base. 


_— == 618 Cubic feet = = the solidity re- 


Kr 


Note, In the same manner may be obtained 


the solidity of an irregular pyramid, fig. 12. 
K . Pl. 21. 
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Fat. by finding the base AB b Ee, according | 
to prob. 8. sect. 4. 


Prob. 26. 
To find the convex x Surface of a mw cone, fig. 1 3. 
a1. 


Rule. | 
Multiply the circumference aDBE a of the 


base by the length a c, and half the product will 3 
be the convex surface. 


Example. 


What will be the convex surface of the cone 
ABC, whose circumference ADB EA is 50 inches, 
and the length ac 32 inches? 


59% 32 — 800 square inches = surface re- 


quired. > 


Prob. 27. 


7 0 find the 0 of a right e cone A B c, bg. 13- 
” Pl. 21 


Rule. 


Multiply the area of the base ADBEa by the 
perpendicular height x c, and 4 of the product 
will be the solidity. | 


Example. 
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Example. 


Suppose the diameter a B to be 16 inches, and 


the perpendicular height x c 30 inches, what will 
be the solidity of the cone? 


16 X 16 = 256 square of the dame AB. 


7854 X 256 = 201.0624 = area of the base. 


201.0024 X 30 _— = 2010.624. cubic inches = == the 
3 ” 
olidiry aps . 7885 


Prob. 28. 


2 o find the solidity of an oblique pyramid, or 27 a 
cone, fig. 14, and 15. Pl. 21. 


Rule. 


Multiply the area of the base as cDA 0 the 
perpendicular height E , and 7 of the FN 
will be the solidity. F 


2 
What will be the solidity of the square pyra- 
mid Ac A, the side A B of its base being 3 feet, 
and the height x 12 feet? fig. 14. 
3 * eee of the base A c. 


9 2 2 ==36cubic feet the solidity required. 


Prob. 29. 


To find the Surface of the frustum of a right pyra- 


mid Al, Hp, FRA 


K 2 N Rule. 


P 


2 s * « * * i... 
STR . 2 . 3 * N 
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| | Rule. 
Multiply the sum of the perimeters A B e DE, 


FHIKG, by the length Ls, and half the product 
will be the Surface. | 


a | 
What will be the surface of the frustum AI, of 
a pentagonal pyramid, whose side A B at the 
base is 15 inches, FH 10 inches, and the length | 
1s 25 inches? | 
15 X 5 =75 = perimeter of the base ac f. 
IO * 5=,0= perimeter of the end F 1G. 


75+592X25 — 1512.5 square inches = the 
WS : | : | | 
surface required. 


P r ob. 30. 
'To find the solidity of the frustum of a non, 
fig. 15 Pl. 22. 
Rule. 
To the areas of the two ends, add the mean 
proportional“ between them; then multiply their 


* To find a mean proportional between the two ends m_ 
and N, take the square root of the product of the areas of the 
two ends, which will give the mean proportional plane. Or 
by the following proportion; as one of the sides a B of the 
base, is to the homologous side F H of the other end, so is the 
area of the base v1 to the mean proportional required. 


SUM 
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sum by the perpendicular height * N, and 4 of 
the . will be the solidity. 


Example. 
What will be the solidity of the frustum AT, of 


a a pentagonal pyramid, whose linear side a B of 


its base is 6 feet, the perpendicular M s 4.12 
feet, the side v 4 feet, the perpendicular LN 
2.75 feet, and the height MN 12 feet? 

6 X 5 D 30 = the perimeter of the base . 


30 X 4:12 — 61-80 = area of the base . 
2 _ | 


4 * 5 20 perimeter of the end v. 


2 2-75 — 27-50 =are of the end N. 
2 | 


3 61.80 : the mean proportional plane. 
5 cio xs = 41.20 = the mean proportional 
plane. 
61.80 + 27. 50 + 41.20 =2 5130-60-08 — sum of 
the three planes. 


Then V2.2 EE = 22 cubic feet = the so- 
3 


lidity required. . 


Prob. 21. 


To find the convex surface of the frustum of 4 
right cone, fig. 2. Pl. 22. 


K 3 5 Rule. 
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Rule. 
Multiply the sum of the perimeters of the two 
ends, by the length A x, and half the product will 
be the convex surface. | 


Example. 


- Whar will be the convex surface of the frus- 
tum AF, whose diameters Ac, EF are 15 inches, 
and 9 inches, and the length a x 12 inches? 

3.1416 x 15 — 47.1240 = perinieter a BC DA. 

3-1416 X 9 — 28.2744 = perimeter E Gr HE. 


47:1249 + 28.2744 X 12 = 452.3904 square inch- 
2 


es = the convex c surface required. 


Prot 32. 


To . the solidity of the frustum of a right cone, 
fig. 2. Pl. 22. 
5 | Rule. 
To the areas of the two ends, add the mean 
proportional between them“; then multiply their 


* A mean proportional between the areas of the two ends 


bol a frustum of a right cone, is found in the same manner as 


has been shewn in the note to problem 30. But for a frustum 
of a cone, it may more readily be obtained, by multiplying 
the circumference of one of the ends, by half the radius of the 
other end, and the product will be we mean proportional re- 


quired, 
sum 
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sum by the perpendicular height S K, * 3 of 


the product will be the solidity. 


. Example. 
What will be the solidity of the frustum A r 


of a right cone, whose diameters A c and EF are 
8 » 


18 inches and 12 inches, and the perpendicular 


height s K 15 inches? „ 
IS X IS = or ac. - 
7854 X 324 = 254.4696 = area ABC DA. 
12 X 12 = I44= square of Er. 
7854 X 144 = 113.0976 = area EGFHE. 
3-1416 x 18 = 56.5488 = circumference, or 
perimeter A B C DA. | 


56.5488 X 3 = 169. 6464 —area of the mean 


proportional. 

254.4696 + 113.0976 169.6464 = 537. 2136 
sum of the three planes. 

Then. S2 50 X 15 — 2686. 0680 cubic inches 
= the solidity required. Y 


Prob. 33. 
To find the content. of the solid part of the frustum 


of a right cone, from which a cylinder has been taken, 


having the came axis, fig. 3. Pl. 22. 
| 5 „ „ | 
From the content of the frustum of the cone, 
take that of-the cylinder, and the difference will 


be the solidily (see prob. 9 and 32. sect. 5.) 
1 | Rule 


$ 
& 
+* 
1 
1 
2 
* 
* 
f 


E le 
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Rule go; 


To the areas of the rings of the two ends, add 
the mean proportional between them ; then mul- 
tiply their sum by the perpendicular height LM, 
and x of the product will be the solidity (see 
prob 19, sect. 4. and the note to prob. 32. 

Sch 0.) . | | 


Example. 


What will be the content of the solid part of 
the frustum A D, from which a cylinder LI is 
taken, the diameters a B, c Þ being 12 inches 
and ꝗ inches, the diameter M 1 4 inches, and the 
perpendicular height L M 18 inches? 

I2 X 12 = 144 Square of AB. | 

7854 X 144 = 113.0976 = area ABE A. 

9 X 9 — 81 S square of p. 

7864 X' $1 = 63.6174 =areaccDnc. 

3.1416 X 9 = 28.2744 = circumference 
CGDHC. : 

K 3 84. 8232 S area of the mean 
proportional. 

113.0976 + 63.6174 + 34. $232 = N 


E the sum of the three Planes. 


261.5382 X 18 . 1569. 2292 = the content of 
3 


the frustum A p; see the 3 prob. 
41K 12 16 square of M 1. 


7854 
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"A N 16 $664 teins of one of the 
ends of the cylinder ET 

12.5664 X 18 = 226-1962" 20 — content of the 
cylinder LI. 
Then 1569.2292 — _ 1952 == 1343-034 cu- 
dic inches = the solidity required. 


Prob. 34. 


To find the weight of metal of the Second rein- 
force, of a brass 24 rg W gun, fig. 3. 


Pl. 22. 
Rule. : 


Multiply the content in inches by 5.0833 (the 


weight in ounces of a cubic inch of gun metal) 
and the product will be the weight required. 
7 | Example. Do 

Suppose the thickness of metal a L at the be- 


ginning of the reinforce to be 5. 1 inches, the 


thickness c M at its extremity 4.7 inches, the 
diameter M1 of the bore 5.824 inches, and its 


length L u, 22.1 inches, What will be its 


weight? 
Find the content of the hollow frustum AD by 


the preceding Proveent which will be 3382.59 


cubic inches. 

Then 3382.59 X 5.0833 = 17194. 7197 ounces, 
or 1074 pounds | 10.7102 ounces = the weight 
required. a 


Prob. 


1 
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Prob. 35. 
To find the solidities of the | parts AB GS, AEGS 
of the frustum of .a right cone E D, cut by the two 


Planes AK, Gs forming an 1 at the axis s K, 


fig. 4. * 22. 
| Rule. | 
Find the solidity of the part aB Gs, considered 
as the frustum of a pyramid, by prob. 3o. sect. 5. 


and prob. 16. sect. 4. then that of the frustum 
of a cone ED, by prob. 32. sect. 5, Take the 


first content from the second, and the difference 
will be the s6lidity of the part AEGS. 


Example. 


What will be the solidity of each part of the 
frustum E D, whose diameters E B, F o are 20 inch- 


es and 12 inches, the perpendicular height s K 


16 inches, and the np 85 ASH, or CKG 120 de- 


grees? 


20 400 square of E B. 
78 X 400 = 314-1 1600 = area of the base 


 EABHE. 


12 X 12 = 144 == Square of r D. | 

7854 Xx 144 = 113-0976 = area of the end 
FCDGF, ns | 1 

3.1416 K 20 = : 62, 8320 = = circumference 
ABHEA, 


62.8320 
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8 'X 3 = 188.4960 = mean propor- 
tional (sce the note to prob. 32, ect 5] = 
314.1600 + 113.0976 + 188.4960 = 615.7536 
= sum of the three planes. 
5 615.7536 XK 16 
3 
frustum E D. 
20. 944 arc AB H (see problem 12: sect Þ 
104.72 Sarea of the sector A BH $A (see prob. 
16. sect. 4.) N 
12. 5664 = arc c (see problem 12. sect. 4.) 
37.6992 — area of the sector e Ke. 
62.832 = mean proportional berwren AB Hs A 
and CDG KC. | 
104-72 + 37-6992 + 62+ 832 = A 
sum of the three planes. x 10 
205. 2512 X 16 
| 3 
mou ABGS. 
3284.0192 — - 1094. 6731 = 218, 3461 Soll- 
ny of the part AES s. 


= 3284.0192 — solidity of OM 


== 1094- 5731 = solidity of the 


| _ 36. 


To find the solidity of the part AB DK ET x, cut 
by the sections DB, EF, out of a hollow frustum of. 
a cone o L, from which a cylinder p H, having the 
game axis, has been taken, fig. 5. Pl. 22. / 


, Rule. 


* 
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Rule. 


Find the content of the part a s EKA of the 
frustum 4A L, by the preceding problem; then 
that of the part BTS Ir, of the cylinder B n, 
by prob. 18. sect 5. subtract the second content 
from the first, and the difference will be the 
solidity required. 


Exam _ | 


What will be the solidity of the part BKEFP, 
the radius TA being 29 inches, the radius s D 24 
inches, the perpendicular height Ts 30 inches, 
the radius FB or s c of the cylinder pH 14 inches, 
and the angle A TN or DSE 124 degrees 42 
minutes? 

22994-2899 = oldie of the part ATSEKA. 
6398. 7052 = solidity of the part B TSC If. 


16595. 5847 = the solidity required 
Note 1. The same content may also be obtained 
by the following rule. To the areas of the two 
ends B AO NT, DEK I (see prob. 19. sect. 4.) 
add the mean proportional between them; then 8 
multiply their sum by the perpendicular height 
Bc, and '; of the product will be the e 
required. 
Note 2. By one of these Ss, the solidity of 
the revetement of che orillon of a bastion may be 
obtained; 
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obtained; as likewise the projecting part of the 
round towers in ancient fortification. 


Prob. 37. 


To find the colidity of the part LMQSKIHGL 
cut by the planes H L, Is, out of a hollow cylinder 
AB, from which the frustum of a right cone E p, 


having the same axis, has been taken, fig. 6. 
FE 23; 


| Rule. 


Find the content of the part GKRPLS of the 
cylinder A B, by prob. 17. sect. 5. then that of 
the frustum of a cone HIRPM Q, by prob. 35. 
sect. 5. subtract the second content from the 
first, and the difference will be the solidity re- 

quired. | | 


E | 
What will be the solidity of the part 


LM GSK IHG I, the radius PL or R being 20 
inches, the radius p M 10 inches, the radius & H 
15 inches, the perpendicular height y R 40 inches, 
and the angle LPs, or RK 80 degrees? 
11170.132 solidity of the part GKRPLS. 
— 4421-510 = Solidity of the part HIRPMQ, 


6748.622-—= 80lidity required. 
Note 15 The same content may also be ob- 


tained by the following rule. To the areas of 
| the 
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the two ends L MGS IL, GHIKG (see the note to 

Prob. 19. sect. 4.) add the mean proportional 
between them; then multiply their sum by the 
perpendicular height Bc, and 3 of the product 
will be the solidity required. 

Note 2. By one of these rules the solidity of 
the revetement, of the concave flank of a bas- 
tion, as likewise that of the circular part of the 
ditch, opposite the saliant angles, of the several 
works of a fortification may be obtained. 


Prob. 38. : 
BY find the condex [urface of a- mere, fi 8: 9. 
pl 19. 
Rule 1. 


Multiply the circumference of the — by 


the diameter, and the product will be the convex. 
surface. | 


Rule 2. 


Multiply the area of one of the great circles of 


the sphere by 4, and the Product will be the 
_ convex surface. 3697 I 


Eil | 
What will be the convex surface of the here 
41 BD, its diameter a B being 20 inches.” 
3. 1416 X 20 2 62. 8320 =circumference. 
62. 8320 
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62. $320 * 20 == 1256, 64 square inches = 
surface required. | 


Prob. 39. 
To find the diameter of a Sphere, Those convex 
Surface is given, fig. 9. Pl. 19. 


Rule. 


Divide + of the surface of the sphere by 7864. 
and the square root of the W will 1 the 
diameter. | 


Example. 


What will be the diameter of the sphere ALB D, 
whose surface is 12 56.64 inches? 


228.64 314.16 =4 of the surface. 
EY | 


= 16 = 400 of which the Square root is 20 
7854 
= the diameter required. 


Prob. 40 
To find the 5olidity of a Sphere. 


Either of the four following rules may be used 
to find the solidity of a sphere. | 


Rule 1 


Multiply the surface of the sphere by + of its 
radius, and the product will be the solidity. 
Rule 
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Rule 2. 


Multiply the surface of the sphere by its di 
. ameter, and 3 of the product will be the solidity. 


Rule 3. 


| Multiply four times the area of one of the 
great circles of the sphere by x of the radius, and 
the product will be the AY 


Rule 4+ 


Multiply the cube of the diameter by 1555 
and the product will be the solidityj. 


Example 1, by Rule 1. 


What will be the solidity of the sphere a L B D, 
whose diameter a B is 18 inches? fig. 9. Pl. 19. 
3.1416 X 18 = 56.5488 —=circumference. 
56.5488 X 18 — 1017.8784 = = Surface of the 
ere (see prob. 38. ect, , 5 


1017.8784 X 3 = 3053. 6352 cubic inches = = 


the r required. 


Example 2, FE Rule "oy 


What will be the solidity of a sphere AL B D, 
whose diameter AB is 20 inches? fig. 9. Pl. 19. 
20 X 20 X 20= 8000 = Cube of the diameter 
A B. „ | 


* See Mr. Bonnycastle's Mensuration. 
8000 
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8000 X 5236 = = * 8 cubic inches soli- 
dity required. 
Note. By the same rule the solidity of a he- 
misphere 4 DBA, fig. 9, may be obtained, by 
finding first the solidity of the sphere, and half 
the content will be that of the hemisphere. 


Prob. 115 


27 o find the convex Surface of the Segment of a 
1 4.9: $8; fig. 7. PL 22. | 


Rule. 


Multiply the circumference of one of the great 
ciecles of the sphere, by the perpendicular cDof 
the segment, and the product will be the convex 
surface. 


2 5 


What will be the convex surface of the segment 
' ADBA, the diameter rG of the sphere being 20 
inches, and the  perpenalcular * CD 4 
inches ? 

3.1416 X 20 == 62-8320 = circumference of 
one of the great circles. 

62-8320 X 4 251. 328 square inches — the 
aurface required. 
Note. Should the diameter of the segment be 
given, instead of its perpendicular height c p, 
find EC * prob. 4. sect. 4, which. being de. 

1. 4 ducted 
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ducted from the radius E D or E 0, will give the 
Perpendicular height e p. 


Prob. 14. 
To find the Solidity of the sector A D BEA E# a 
sphere, fig. 10. Pl. 19. 


| Rule. 
Multiply the convex surface A DB A (see the 
preceding prob.) by + of the radius ꝝ D, and the 
product will be the Solidity. 


Example. 
What will be the solidity of the sector aDBEA, 
the side EB, or the radius E o being 12 inches, 
and the perpendicular A ep of the segment 
3 inches? 
31416 * 24 275. 3984 = = circumference of 
the sphere. A 
75.3984 K 3 = 226. 1951 square inches = 
convex surface of the segment. 
226-1952 X 4 = 904.7808 cubic inches = = the 
solidity required. 
Note. Should only the diaricter” AB and the 

radius EB be given, find the height c Þ as has 

been shewn in the note to the preceding e | 


Prob. 43. 

To find the solidity of the oegment ADBA of @ 
Pbere, lig. 10. Fl. . 
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Rule 1. 5 


From the solidity of the sector AEB DA (see 
the preceding prob.) take that of the cone 4 B E 


(see prob. 27. sect. 5.) and the difference will 
be the solidity. 


* 


Ir 
rn — 


—. 


F nz! $: * 
» {ooh 8 — 1 Io n 
. 


Rule 2. 


Multiply the area of a circle whose radius is 
equal to the height c of the segment, by the 
radius ED of the sphere minus + of the height 
c p, and the Product will be the e 


Rule 3. 


I0o three times the radius oB of its base, add 
the square of its height c D; multiplying the sum 
by the height ep, and the product by · 5236, and 
it will give the solidity. (See Mr. Bonny cantle* IH = 
or Dr. Hutton's Mensuration. ) = 
| | Example, by Rule 2. 


What will be the solidity of the segment 
ADB A of a sphere, whose height c p is 3 inches, 
and the radius E D of the sphere 9 inches? | 
6 X 6 = 36 = square of the diameter of a 
circle, whose radius c p is 3 inches. 
7854 X 36 = 28-2744 —area of the circle. 
28-2744 * 9—1 =226-1952 cubic inches —= 
solidity required. 
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To find the curve 3 of the Zone of a ephere 
5 ADH A, fig. II. Pl. 19. 


1 | | Nule. 
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Rule. 


Multiply the circumference of one of the great. 
circles of the sphere, by the perpendicular height 
K L of the Zone ADHF A, and ie product will be 
the curve surface. 


| Example. 

What will be the curve surface of the zone 
aH, the diameter of the sphere being 30 inches, 
and the perpendicular height x L 14 inches? 

3.1416 X 30 = 94:2480 = circumference of 
one of the great circles of the sphere. 

94.2480 X 14 = 1319-4720 square inches = == 
Surface required. 5 


prob. 4 5. 


To * the Solidity of the fructum, or ⁊one of a 
sphere ADH F A, fig. II. PI. 19. 


Rule 1. 


From the content of the sphere A M HNA, 
subtract that of the sum of the two segments 
A DMA, FHN y, and the difference will be the 
solidity. 


| Rule 2. 


Io the sum of the squares of the two radii r 1., 


4E of the two ends, add + of the square of their 
| alatance 
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distance x L; multiply this sum by the said dis- 
tance KL, and the product again by 1.5708“, 
and it will give the solidity required. 


Example, by Rule 2. 


What will be the solidity of the zone A4 D Hr 3 


the radius A k being 10 inches, the radius FL 
8 inches, and the height or distance K L 9 inches? ? 
IO-X 10 = 100==$quare of AK. 
8X 8= 64 = square of FL. 
9 X 9== 81 ==8quare OF K L. 
1 
bo” 
100 + 64 + 27 „ 9 X 1:5708 = 2700. 2052 
cubic inches = the solidity required. 


Prob. 465 


= 27 A] of the square of x 6, 


The alli of a sphere being given, to JS ts. 


| diameter, fig. 9. Pl. 19. 
Rule. 


Divide the solidity of the sphere by +5236, 
arid the cube root t of che quotient will be the 
diameter. 


Example. 


The solidity of the sphere ALBDA being 
113-0976 solid inches, what will be its diameter 
AB? 


* See Mr, Bonnycastle's Mensuration, 
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0 113. 0976 _ 


5236 | 
inches = the diameter required 


© 


= 416 of which the cube root is 6 


Prob. 47. 


7 o find the weight of an iron shot, ils diameter 
being given. 


- Rule. 
Take 4 of the cube of the diameter, and 4 of | 
that eighth, and the sum of these two quotients 
will be the weight required in pounds“. 
| Example. 
What is the weight of an iron shot, whose 
diameter is 3-5 inches? 


as — 875 = cube of the di- 


5475 == 53 <9 = == Ist quotient- 


_— = 669 = 6-028 — 6 pounds nearly. 


Question. 


What is the weight of an iron shot, who 
diameter is 6-7 inches? Answer 42 pounds. 


Prob. 48, | 
To find the weight of a Jeaden ball, its | diameter | 
being given. 


* Sec Mr. Bonnycastle's Mensuration. Ts 
Rule, 
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 Rale. 


Take + of the cube of the . * from 
it subtract !; of this third, and the remainder will 


be the weight required nearly. 


Example. 


What is the weight of a leaden ball, whose 
diameter is 3-3 inches? 


33 * 33 * 3.3 233937 cube of the di- 
ameter. © 


35:937 — 11-979 = st third. 5 
3 
II. on re =. 2093 == 2d third. 
II: 979 — 3.993 = 7. 986 = 8 pounds nearly, 


Prob. 49. 
To find the diameter of an iron Shot, ts weight 
being given. 
Rule. 


Multiply the weight by 7, and to the product 
add 5 of the weight, and the cube root of the 
pum. will be the diameter 1n inches. 


Example. 


What is the diameter of an iron shot, whose 


weight i 18 18 pounds ? 8 
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12 PER 2== 1239 of which the cube root is 5 39 
_ =5-04 inches nearly. _ 


Prob. 50. 


To find the diameter of” a leaden ball, its weight 
being given. 


Rule. - 


10 4 times the weight, add half the weight, 
and 288 of half the weight, and the cube root of 
this sum will be the diameter in inches nearly. 
© Example. 

| What is the diameter of a leaden ball, whose 
weight is 8 pounds? 

8 X 4 32. 

A= ofs. . 
4 X3=:12= 2 of 4. 

100 100 


32 +4 +:12 = 36-12 of which the cube root 
is 3˙3 inches ncarly. 


Prob. 51. 


To find the weight of an iron Shell, its interior 


and exterior diameter being given. 
| Rule. 
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1 


Take 2 1 of the difference of the ou of the di- ; 


ameters in inches, and + of that eighth, and their | 
sum will be the weight in pounds. 


Example. 


What is the weight of a shell, whose exterior 
diameter is 12-85 inches, and interior hy | 


8.75 inches? 
Note. A shell of chivas dimengions- is called a 
13 inch bell. | | | 
I2-85 X 12-85 * 12-85 = 2121-824125 = 
cube of the exterior diameter. 


8-75 X 8-75 X 8-75 == 669: 92187 — cube of 


the interior diameter. 

2121.824125 — 669-921875 = 1451 902250 
r difference of the cubes of the diameters. 

. 5. — = == 181-487781 Ist eighth 


181. * = = 22. 685972 = = 2d eighth. 


181.487781 + 22. 685972 = 204173753 = 
204. 17 pounds _— 


Prob. 52. 


To find the quantity of e a bell will con- 


| Jain, 
Rule. 
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Rule. 


Divide the cube of the interior diameter in 
inches by 57.6“, and the quotient will be the 
weight in pounds nearly. 


Exam ple. 


What quantity of powder is required to fill a 
13 inch shell, whose interior diameter is 8.75 
inches? 


8.76 N 8.75 Xx Joc = 669 921875 = 8 cubs Res 1 


the interior diameter. 


ES = = 156 pounds nearly. 


* S7« 0 
Prob. 53- 
To find the ide of a cubical box, to contain à 
given quow/ity of gunpowder. | 
Rule. 


Divide the given quantity of SIP by 555 
and the cube root of the quotient will be the side 
of the box, in feet. . 


Example. 


What will be the side of a dien box to hold 
400 pounds of powder? 


6576 is the number of pounds of gunpowder contained i in 
a cubic foot, when Shaken, and 5s pounds only * not 
5 shaken. t : 


400 


PRACTICAL GEOMETRY. I 55: 


NOD 1 272727 = quotient, of which the 


5 
cube root is 1.93 feet; or 23. 16 inches nearly. 


Prob. 54. 


The height of a Square box being given, what wil! 
be the length of the Side to hold a given quantity of 


gunpowaer. 

| Rule. © 

Divide the given quantity of powder by the 
product of 55 multiplied by the given height, 
and the square root of the quotient will be the 
side of the box. 


Example. 


The given height of a box is 1 foot, what will 
be the length of the side, to contain 1 380 Pe 
of gunpowder? 

SS X I = 55. 


389 — 6.9 of which the square root is 2. 62657 


55 


feet, or 31. 5 inches for the length of the required 


side. 


Question. 


What will be the length of the side of a bi 
its height being 9 inches, or 75 of a foot, to 


contain 300 pounds of gunpowder? Answer 


2.696 feet = ==> 32. 3 inches nearly. 
| Prob. 
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Prob. 55. 


7 o find the quantity of powder to fill the chamber 
of a mortar, or of a howitzer, 


Rule. 


Multiply the content of the chamber in inches | 
by 55, and divide the product by 17287 and 
the quotient will be the r of powder in 
pounds. 

Mee. The chamber of a mortar, or of a ho- 
witzer is formed of a hollow frustum of a right 
cone ABCE, and of a hollow hemisphere nearly 
CDEC, fig. . . 


Exam ple. 


What will be the quantity of powder to fill the 
chamber ABE DOA of a 13 inch sea-mortar, in 
which the diameter aB is 9-6 inches; the di- 
ameter CE 6-8 "che, and the ** DG 2155 
inches? 

Find the content of the ber by prob. 26, 
and by the note of prob. 33. sect. 5. which will be 

1040 · 13844322. 


Then 22: — * 55 — 33 pounds nearly = _ 


the quantity of powder required. 


* 1728 is the number of cubic inches contained in a cubic 
foot. 258 Me 


Prob, 
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Prob. 56. 
To find the wlidity of a flat ring or hoop, fig. g. 
. 
| Rule. 
Multiply half the sum of the interior and ex- 
terior circumference of the hoop, by its thickness, 


and this product again by its breadth, and it will 


* the solidity required. 
Example. 


What will be the solidity of a ring, whose ex- 
terior diameter AB is 18 inches, the interior di- 
ameter CD 16.4 inches, and its breadth AE 1. 4 
inch? 


3.1416 XK 18 == 56. 54488 == exterior circum 


ference. 


3.1416 X 16. 4 51. 2224. interior cis- 


ference. 


18—1044 — — 4 inch = — = thickness AC. 
2 


85 er — 8 * 1. 4 60 5176 cubic 


inches = . solidity required. 
Note. If the above dimensions are supposed 


to be those of the base ring of a brass gun, its 


weight in ounces will be obtained by multiply- 


ing the content 60. 5 176 cubic inches by 5.0833*. _ 
That is, 60. 5 176 X 5.0833 = = 307- 621 ounces, 


or 19 Ib. 3.62 02. nearly. 


* A Cubic inch of gun metal weighs 5.0833 ounces. 
Prob. 
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Prob. 57: 


To find the convex eber & a e ring, 
fa. 10. Pl. 22. 


mu. 


Multiply half the sum of the two circum- 
ferences AE FA and cc nc, by the circumference 
'ABCDa of the thickness of, the ring, and the 
product will be the convex surface. . 


Example. 


What will be the surface of the ring AE F, 
whose interior diameter c 1 is 10 inches, and its 
thickness Ac 3 inches? . | 

ac+il+ci=atL=3+3+10=16 
inches. 

3.1416 X 16 
AF FA. 5 
3.1416 X 10 = 31.4160 = circumference 
CGHC. 8 
50.2656 + 31.4160 
2 
the two circumferences. 5 | 

32-1416 >X...3. == 0+ 4248 = circumference 
ABCDA. 
ben 40.8403 X 9.4248 = 384.9637 square 
inches = the convex surface required. 

Note 1. In the same manner the surface of any 
part of a ring as AG, or GLH, may be N 
= prob. 12 and 18. sect. 4. ) 


l 


50. 2656 = cireumirrende 


= 40.8408 half the sum of 


Nate 


— 
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Wore 2. If the ring is cut horizontally into 
halves, by the radius 4 o, the surface of each 
will be equal to half the surface of the ring. 
Note 3. By the same rule may also be ob- 
tained, the concave surface of any semicircular 
turning arch. | 


Prob. 5 8. 


To find the solidity of a e ring, fg IO. 
Tie 22+ 


Rule. 
| Multiply half the sum of the two circum- 
ferences. AEFA and cc, by the area of the 


circle ABCDA, and the Product will be the so- 
| ONE - | 


a 


; es <li | 

What will be the solidity of the ring A ETA, 
whose interior diameter c 1 is 8 inches, and 
thickness A c 3 inches? | 


ac+c1+HILE=aL=3+8+ j=14. 
3-1416 XK 8 = 25.1328 = circumference | 


ene. 
3.1416 * de 43. 9824 = circumference 
A E F A. 
25-1338 ky 43-9324 — 34- $576 = = : half the sum of 


the two 1 


7854 
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7854 Xx 9 = 7. 0686 = = area of the licks 
2A B:C/D AL 

34-5576 X 7.0686 — 244-274 cubic inches = 
solidity required. 1 8 


Prob. 59. 
To find the exterior convex Surface of a gemi- 
Olindric ring, tg. 10. Pl. 22. 


* Rule. 


To the radius o add 14 times the 33d part 
of the radius A ; multiply the circumference 
answering to that radius, by the semi-circum- 

ference BAD, and the 8 will be the convex 
Surface. 


i” 


What will be the convex surface of a torus, 
whose radius o P is 20 inches and the radius A P 
of the semi-circle 3.3 inches? 

The 3+ of 3.3 inches 1. 4 inches ? q, 

20 + 1.4 = 21.4 inches — radius o Q, and 
twice this will 42.8 inches for its diameter. | 

3.1416 X 42.8 = 134.46048 — . 

3.1416 X 3-3 = 10.36728. f 

134. 46048 X 10. 36728 = 1393. 98944 square 
inches the surface required. 

Note. The same rule is to be ed in 

finding the CONVEX Surface of a ring, whose SEC= 
tion 
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tion AB or APD is a quadrant, by adding to 
the radius OP, he 45 of the radius 4 P. 


Prob. 60. „ 
20 find the solidity of a ring, whose Section B A D 
is a Semi-circle towards the. outside F the vag 


fig. 10. Pl. 22. nl 1 
Rule. cle de BY 


To the 9 o v add 14 times the 33d part of 


the radius ay; multiply the circumference an- 


swering to that radius, by the surface of the 


semi-circle BAD, and the e will be the 
Solidity, 14: 62 | 


Example. 


What will be the solidity of a torus, the ra- 


dius o being 20 een and the radius A P 3 3 
inches! * 


The 34 of 3-3 inches _ 14 1 NE =P g 


| 20 + 1.4 = 21-4 = radius o, and voice 


this will be 42-8 for the diameter. 


3.1416 Xx you => 134+46048 = Oe. 


ference. 
6.6 X 6. — 5 of D B. 


cirele BAD. 


134+46048 „ ian 23000836 cubic 5 


inches the Solicity required, 1 
M 15 Note 


GE FRE 5 e377 06 WON 


7854 LES: 59 = 17-106012 == area of the _ 


— 
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Note 1. The astragal of a gun being a semi- 
eylindric ring, its solidity will be found in the 
same manner; and if the weight thereof is re- 
quired, its content, in cubic inches, must be 


multiplied by 5 -0833* (if brass) and the product 


will be the weight in ounces. 
Note 2. In the same manner the solidity of a 


ring may be obtained, whose section is a qua- 
drant, as A BP or ADP. 


Prob. „ 
To find the interior convex surface of a Semi 
eylindric ring, fig. 10. Pl. 22. 


Rules 
From the radius o v, subtract 4+ of the radius 
cP, and with this radius find a circumference, 
which multiply by the semi-circumference Bc Dp, 

| and the Samoa will be the Convex surface. 


Exam ple. 


What will be the i interior convex surface of a 

semi-cylindric ring, whose radius o c is 25 in- 
ches, and the radius p e 6-6 inches? | 

238 +6-6=31-6=0#; from this radius sub- 

tract 5+ of 6-6 inches, which is 2-8. 

| Then 31. 6 — 2-8 = 28-8 = radius required. 


* A cubic inch of gun metal weighs 33973 ounces. 
| „ 1 
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; 28- 8 Xx 2== $7-Gras diameter. 
3-1416 X 57-6 = 180. 95616—circumference. 
3-1416 K 6-6 = 20- T3459 1 =2 semi-circum- 
ference B c D. 


180-95;616 X 20. 73456 = = 3752. 04636 square 


inches = surface. 

Note. The same rule must be dba 
finding the convex surface of a ring, whose sec- 
tion B or CDP is a quadrant, by subtracting 
from the radius o p, I of the radius c v. 


To find the solidity of a ring, whose Section BCD, 
is a sSemi-circle towards the centre of the ring. 
. fig. Os P J. 22. 


Rule. | 
From the radius op, subtract I of the radius 


ep, and multiply the circumference answering | 
to this radius, by the area of the semi- circle 3 e b. 


and the product will be the solidity. + 


Example. 
What will be the solidity of the semi-cylindric 


ring BDS OG He, whose radius co is 25 inches, 


and the radius c 6-6 inches? I 
25 +6-6—=31-6—0P; from this radius sub- 
tract Af of 6-6 inches, which 1s-2+-8; | 
Then 31.6— 2.8 = 28.8 = radius required... 
| M 2 = 28.8 
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28.8 X 2 = 57.6 = diameter. 

3. 1416 * 57.6 = 180.9 5616 = eireumfe- 
rence. 

3.1416 6. 1 = 20.734566 = = circumference 
. 


$273466 x 6.0 = 68.424 = area of the semi- 


OY 


circle B C DB. 


180.9 5616 N 68. 8 8 7443 cubic i in- 
ches = the solidity required. 

Note 1. In the same manner, the xolidity of a 
ring may be obtained, whose section B P © or 
pp is a quadrant. | 
Note 2. The same rules are also made use of 
to find the surface and the solidity of any part of 
a ring, as Ac Gr, BPCG, Mes (see prob. 12. 
Sect. 4+) 


Prob. "In Z 


Ts find the urface Ea an Eee, fig 1 11 and 12. 
* 


Rule. 
| Muttiply ha tength of the arcs AB, B e, by 
the length D „ and the 8 888 will be * 
| surface. | 
Example. 


What will be the surface of the ogee of a eck 


nice, whose arcs A 5 BC are quadrants, of which 
| the 
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the radius Br, or AG is 3 inches, and the length | 


ED 5 feet, or 60 inches? 

A'B + BC is equal to a semi-circumference, of 
which 4 G, or CF is the radius. | 

Then 3.1416 X 3 = 9.4248. 

60 X 9.4248 = 905. 2 Square inches == the 
surface. 
* Note. When the ogee is described wut oquila. 
teral wriangles, as fig. 13, or by isosceles trian- 
gles, as fig. 14, of which the radius AB is given, 
the length of the arcs 3 c, BD will be obtained, 


by 9 850 12, sect. 4. 


Prob. 64. 


To find the colidity of an ogee D H, fig. 11, bore 
perpendicular ectiou is mme by 12. 
; I 22. | 

Rule, 

Through the point of Junction B ; of the ER 
arcs AB, CB, draw KL parallel to a1; then mul- 
tiply the surface of this parallelogram a K LI, by 
the length DE, and the product will be the so- 
d yy 
Example. 

What will be the solidity of an ogee, whose 
length DE is IO feet or 120 inches, its projection 
3 c 6 inches, and its height A 15 or HE 6 inches? 2 


4 M3” 5 Tc 


9 


bd PRACTICAL GEOMETRY. 
—==1 L = 3 inches. 
IL X AI = X 6 = 18 square inches == 
surface. 
DE X 18 — 120 * 18 = 2160 EURO inches 
= the solidity. ” 
Note. In the same manner is obtained the 
solidity of an ogee, described by equilateral, or 
isosceles triangles, as fig. 1 3 and 14. FI, IT - 


Prob. 6. 5. 


27 o find the surface of an ogee revolving about an 


axis AB, WHOSE arcs c b, DE are quadrants, fig. I. 


Pl. 23. 
Rule. 


Multiply the length of the two arcs eb, DE, 
by the circumference, passing through the point 
of junction p of the arcs o p, DE, or by the 
mean proportional between the circumferences of 


the two ends GE, H e, and the product will be | 


the surface. 
| Example. 
What will be the surface of an ogee, whose 


diameter DF Is 18 inches, and the radius IC, of 
'KE'2 inches ? 2 | 


3. 1416 X 18 = 56. 5488 = circumference. | 
pc + DE is equal to a semi-circumference, 


whose radius i is IC =2 inches, 


—— Then 
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Then 3.1416 X 2 = 6.2832 = length of the 


two arcs CD, DE. 
56.5488 X 6.2832 =2 F b. 30742 square inches 
== the surface required. 
Note. In the same manner the surface of an 


” ogee is obtained, when described by equilateral, 


or isosceles triangles, 


Prob. 66. 
To 5 the 2 of an ogee E u, fig. I. Pl. 2 3: 


Rule 1. 

Multiply the perpendicular height A B, by the 
area of the circle r Dy and FRe product wa be the 
- volidity.. 119 


Rule To 
| Multiply the perpendicular height AB, - by the | 
product of the circumference of the one end by 
half the radius of the other end, gl; this last 
product will be the solidity. : 


Rule 3. os | 

'To the areas of the two ends, add the W 
proportional between them; multiply the sum 
by the perpendicular height A B, and 3 3 of the 


product will be the —_— 


168 PrAcTICAL Grow TRY. 


Example. 


| What will be the solidity of the ogee EH, its 
diameter on being 14 inches, the diameter 6 
” #2 inches, and the height a * 4 inches? 


| pa: By Rule 2. 
e 14 = 43 9824 = circumference of 
the a uri C ns | 


here UNE — = 5 5 = half he radius A K. 


2 
43 8 * $*5 = 2419032 = mean propor- 

tional. 
2241 9032 X 4 —_— 6128 cubic inches = : the 
solidity. 

Note 1. In the same manner may be obtained 
the solidity of a circular ogee, described by equi- 
lateral, or isosceles triangles. 

Note 2. In the same manner may also be ob. | 
tained' the weight of any ogee of a piece of ord- 
nance, by multiplying the content in cubic in- 
ches by 50833, when e and when iron by 
42968. 

Note 3. A cubic ack of gun ey weighs 
5-0833 ounces, and a cubic inch of cast iron 
- wn, en ounces. 


Prob. 67. 


27 0 find the concave enrface of the solid Ache, 
fig. 2. H. 23: 


Rut 5 
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Rule. 


Subtract 34 of the difference of the two radii 
EC - DA, from the radius Dr; with this dif- 
ference, as radius, find a circumference, which 
multiply by the area of the semi-segment CA Fc, 
and the product will be the surface. 


_- 


Example. 


What will be the surface of the swell of the 
muzzle of a piece of ordnance, whose greatest 
diameter cn is 1c+17 inches, its less diameter 
A I1+6 inches, its height Dx 9-25 inches, the 
radius AB 29 inches, and the angle ABC 19 de- 
grees 30 minutes? 

EC—DA=AF =7. 585 — 5. 1785 = 


difference of the two num. 4 
1 2 45 = 0. rr. 

. _— 194 
br ff = 7-585 — 0.757 === 6.848 
| = radius. | 


6.828 X 2 = 13. 656 e 

3. 1416 X 13. 656 = =="4% 90169 — circumfe- 
rence. 

The arc 4 C g. "y inches (see Nn 12. 
. 

Then 42. 90169 * 9. 0 = 423 43967 dure 
*. == eee, 1 8 


Prob. 
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Prob. 68. 


7 0 find tbe content of the lid. AG T ©, ng 2, 
8 


= Rule. 
Find the content of the cylinder K He, 
by a 3 
2. Multiply the area of the semi-segment 
c Axe, by the circumference of a circle, whose 


radius is D F — 144”. gubtract the product from | 
33 
the content of the cylinder 1K He, and the dif. 


ference will be the golidity, L 


Example. 


What will be the solidity of the figure AGHC, 
whose diameter e is 15.17 inches, the diameter 
AG 11.6 inches, the perpendicular height p E 
9.25, the radius BA 29 inches, and the angle 
ABC 19 degrees 30 minutes? „ 


For the cylinder v K He. 
12.17 e 35-1755 230.1289 square of c He 


+7853 X 230. 1289 = 180. 73324 = area of the . 


circle. | 
_ 180.73324 N 9. 167178245 cubic heathen 
= = colidiry of the cylinder (8 See prob. 7. sect. 5.). 


"RY 


nn, GEOMETRY. 27% 


For the area of the cemi-5egment f ACF. 


e the area of the sector B A c B, take 85 


surface of the right-angled triangle B r c, and the 


difference will be the area of the semi- segment 
rA (see prob. 2 and 16, sect. 4.) 

2 BA = 29 XK 2 —= 38 = diameter, 
3.1416 X 58 — 182.2128 =circumference. 


360 : 182.2128 :: iy 300: are AC = = 9.87 


inches. 


ECAC IS 2 — 143. e 


2 
sector ABCA. 

BA—AF==BF == 29 — 1.785 == 27.21. 
2r7xXrc 22 455 = 125. 1 area of 
| 2 
the triangle B FB. . ER, 

143. 115 — 125.87 = 17.245 == area of the 
semi- segment rA cr. 


FP = O. 
"0+ Tat 


„ev — 056 828 


Se radius p p. 
2 D — 6.828 X qe 656 = diameter 2 L. 


3-1416 * 1 n 42 See, = circa 


bene, 


42. 90169 * 17.245 == 739. $3963 cubic inches. 


Then 1671.78245 — 739. ee = 931 -9428 
== the solidity * 
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Note. The same problem is made use of to 


find the content, and the weight of metal of the 


swell of the muzzle of a piece of ordnance; by 
deducting from the solid a n, the content of the 
cylinder LN, whose diameter is that of the ca- 
libre, and its height equal to the length of the 
section DE; which difference being multiplied by 


5.0833, the product will be the weight in 


ounces, when brass, and when iron by 4.2968. 


Prob. 69. 


To find the content and the weight of a Piece of 

4 an fig, 3 PI. 23. 
Rule, | | 5 

Divide rn wa of the gun into as many 
Sections - as may be found necessary, by lines 
CD, EF, GH, IK, LM, &c. drawn perpen- 
dicular to the axis a 3. Find the content 
of each part by problem 9, 12, 20, 22, 34, 
43, 66, 60, 62, 66, and 68, sect. 5. and from 
their sum, subtract the content of a cylinder, 
whose length is equal to that of the bore, and 
its diameter equal to that of the calibre of the 


piece; multiply the difference (if it be a brass 


gun) by 5.0833, and the product will be the 
weight in ounces, which being divided by 16, 
will reduce it into pounds, and again by 112 


Prob. 


will be hundred weights. 
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Prob. 70. | . 
To find FY golidity of a spheroid, fig. 12. . Fl. rg. c 


Rule. 
Multiply the area of a circle, whose diameter 
is c D, by 4 of the transverse A B, a the oo 
_—_ will be the solidity. 


Example. 
What will be the solidity of the spherdid 
ACBDA, its transverse A B being go inches, and 
its conjugate Cc D 70 inches? _ 
Jo X 70 Xx 7854 = 3838. 4600 == arta of the 
circle e v. | | 
EE b of as. | 
Then 3848.4600 X 60 = 2309076 cubic 
inches = the solidity required. > 


Prob. 71. 
Z To find the content of a cask, | fig. 4- Pl. 23. 


Nule. 


. Multiply half the sum of the areas of the two 
interior circles, that is the greater ep and the 
least E r, by the interior lengyh A B, and the pro- 
duct will be the required content nearly. 

| | = Example. 
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Example. 


What will be F content of the . ap Be, 
its greatest interior diameter e Þ being 24 inches, 
its least interior diameter EV 20 N and the 


| Interior length a 3; 30 inches? 


24 * 24 * . 3904 = area of the 


circle cp. 


20 X 20 X 754 =314 1600 = area x of the 
circle E r. 


284 5 314-1600 = 383.27 4. half sum. 


Then 383.2752 & 30 = 11498. 2560 = the 
content ; which being divided by 282* will give 
the number of gallons contained in the cask. 


That is, — 2. —— = 407/739 or 40 


gallons and 6 pints nearly. 


Prob. 72. 
To find the solidity of a paraboloid, fig. 5. Pl. 23. 
| 7 ; FC | 2 
Multiply the area of the base 45 CA by the 
altitude ꝝ r, and half the product will be the 20 


lidity. 


* A los of beer contains 282 cubic inches, a gallon of - 


vine 231 cubic inches, and a gallon for grains, meals, &c. 


contains - mg cubic inches. 


Example. : | 
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Exam ple. 


What will be the solidity of the paraboloid 
ABCFD, its diameter A Cc being 40 feet, and 
height E r 25 feet? 

40 X 40 K 7854 = 1 229% 6400 = area ofthe 
base. 


1 1256. 6400 X 25 = = 31416 cubic AIG So the soli- f 
2 | 


_ dry — 


SECT, 
ConSTRUCTION AND MENSURATION OF THE 
FIVE REGULAR SOLIDS. 
EE n—_— 
DETINITITIONs. 


Ns solids, are those ten 
| wv re and equal planes, of which there are 
five; the zetraedron, hexaedron, or cube, octae< 
dron, dodecaedron and icosaedron. | 
2. The tetraedron, or regular triangular pyra- 
mid, has four triangular faces, as fig. 6. Pl. 23. 
„„ hexaedron, or cube, has Six Square 
faces, as fig. 9. 


+ In octaedron, has cight triangular faces, 
8 * 11. 


5. The 
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fo The dodecaedron, has twelve pentagonal 


faces, as fig. 13. 


6. The icosaedron, has ene triangular Ee 


| 43 "Es 18. 


Marnop OF CONSTRUCTING THE FIVE REGULAR 
| 8OLIDS, WITH CARD PASTEBOARD. 


Prob, "Pp 


' To construct the tetraedon, fig. 6 and 7. Pl. 2 3. 
On a piece of pasteboard, describe an equila- 


teral triangle a 3 Cc; bisect each side in p, x, x, 
and draw the FINE: PE, DF, EF, Then these 
lines being cut half through, 30 that their faces 
may be turned up, and glued together, will 


form the tetraedron G HI k. 


| x Prob. 2. | 
=: 0 ronstruct a regular hexacdron, fig. 8 and . 


1 a square ABCD; = its aides, 


on which make the squares a1, a C, cs; cr and 


FK, equal to the square A c. Then proceed as 


in the preceding problem, and the required hex. 


acdron LN will be formed. 
„ © om 
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Prob. 3. 


To construct a regular octaedron, fig. Io and 11, 


13. 


Dawa line e », and divide it %% thee 

parts. On the two thirds AB and or describe 

the equilateral triangles A DB, E; bisect the 

sides A D, DB, CE, EF, and join these points of 

bisection by the lines v1, 1H, &c. Then pro- 

cſded as in problem first, and the required octae- 
dron K M will be formed. 


Prob. * 


70 construct a regular dodecaedron, fig. I2 125 
23. 

On a given line a 3 describe the regular pen- 
tagon ABCDE, and on cach side of it, those x, 
G, u, 1, Kk, each equal and similar to the first. 
On LM construct the regular pentagon , on 
o Þ the pentagon R, and in like manner s, T, O v. 
Then proceed according to problem first, and 


the required dodecacdron LM, fig. 13, will be 
formed, \ 


i Pont; I. 


To construct the regular icosaedron, fig. 14 and 
15. Pl. 1 | z | | 
N 5 Describe 
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Describe an equilateral triangle 45 c produce 
AB towards p, and through c draw c k parallel 


thereto; make AB and cx each equal to five 
times A B. Through the points F, 6K, XC. 
draw lines parallel to a c, preduced both ways 
indefinitely ; draw likewise through the points 
u, I, I, &c. parallels to B c, and by their in- 
tersections, twenty equilateral triangles will be 
obtained. Then the lines being cut half through, 
so as to be turned up and glued together, will 
form the required icosaedron p E, fig. 15. 


* 


Prob. 6. 
The diameter of a sphere being given to find the 


linear sides of the five regular Solids; in order to be 
inscribed, or to be cut out from the given Pbere, fig. | 
F. 23. 


Let AB be the diameter of a given sphere; 
bisect it, and from the point of bisection c, as a 
centre, and with c A as radius, describe the semi- 
circle ADB. Take AH equal to two thirds of 


AB. From c and n draw ep, Hf E perpendicular 
to AB. Join A E, B E, BD; then Ax will be the 
linear side of the tetraedon; B EH the side of the 


hexaedron, and BÞ the linear side of the octae- 
dron. Draw A 1 perpendicular and equal to a B, 
and join o 1. Through the intersection r draw 
AF, which will be the linear side of the icosae- 

dron. 


. — 
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dron. Then cutting B E into extreme and mean 
proportion (by prob. 16, sect. f.) and the part 
BG will be the linear side of the dodecaedron. 


Prob. 75 


To o find the Surface of one of the five regular | 
| Solids. 


Rule. | 
Multiply the number of faces by the area of 
one of them, and the product will be the area; 
or by the following proportion, as 1 is to the 
square of the linear edge of the given solid, 


— 


1.70 ? X Tetraedron. 
x 6.00000 | to the | Hexaedron. 
so is 4 3.46410 f surface 5 Octaedron. 
| 20.64577 | of the | Dodecaedron. 
C 8.66025 ) Icosaedron. 


Example I. 


What will be the surface of the regular letrae- 

dron H K, fig. 7. Pl. 23. whose linear edges GHIS 

6 inches? 

6 N 6 == 260 mm 
: 36 :: 1.73205: the area. 

; RA X 36 = 62. 35380 square inci 

area required. 
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Example 2. 


2 will be the Surface of a regular hexaedrox 
LN, fig. 9. Pl. 23. Tohose linear side L M 15 5 
inches? | ae 
8 0 52 25 = Square of L M. 
3:27: Henne : the area. 
6.00000 X 25 = 150 Square inches = murface 
required. 


hn 


| Example To | ; 
IWhat will be the surface of a regular octaedron 
KM, fig. 11, whose linear edge L M is + mches ? 
| 0 X 4 = 16 square of LN. 
: 16 :: 3.46410 : the surface. 
1 * 16 55. 42560 _ inches — 
Surface required. . 
Example 4. 
What will be the surface of a regular dodecaedron 
LM, fig. 13, whose linear edge a 3 is 7.5 inches? 
F square of AB. 
: $6.25 :: 20.64577 : the surface. 
| 8 c $6.36 == F101 e square 
inches = the surface required. 


Example 5. 


bal will be the Surface of a regular icocacdron 
DE, fig. 1 5, whose linear edge C F is 3 inches? 
FE 
1:9 :: 8.66025 : the surface. | 
E 8.6602 5 
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8.66025 X 9 = 77.94225 square inches 
surface required. 


Prob. 8. 


To find the a of one of the FIR regular . 


Solids. . 
Rule. 
Make the following proportion, as 1 is to the 
cube of the linear edge of the given solid, 
0.117851 i Tetraedron. 
I. ooooo00 | to the Hexaedron. 
$0 is 4 0.471404 7 solidity 3 Octaedron. 
7.663119 | of the | Dodecaedron. 
2. 1816951 Il cosaedron. 


Example 1. 


pat will be the solidity of a regular tetraedron 
u K, fig. 7. Pl. 23, whose linear edge G H 7s 5 
inches? 

3 X 5 X 5129 = cubs aft ©. 

T1026 2: 117851 : the solidity. | 

0.117851 K 123 14.731375 cubic inches 
olidity required. 


E 2. 
What will be the Solidity of a regular e 
K M, fig. II, whose linear edge LN 1s 4 inches ? 
4 X 4X 4 = 64 = cube of LN. | 
. | = e I : 64 
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: 64 :: 0.471404 : the solidity. : 
0.471404 X b4 = age 56 cubic inches => 


- Solidity required. 


Example 3. 
What wil] be the solidity of a regular dodecaedron 


1 M, fig. 13, whose linear edge AB Is 6 inches? 


g X 6 X 6 = 216 = cube of as. 

: 216 : : 7.663119 : the solidity. - 

2 663119 X 216 = 1655. 233704 cubic inches 
solidity . | 


| Enanple 4. | | 
What will be the Solidity of a regular icosaedron 
DE, fig. 15, whose linear edge CF is 3 inches ? 
3 X3X3=27 S cube of or. | | 
1 27 :: 2-1$r695 5 theohadity. | 
2.181695 X 27 == 88.905765 cubic inches = = 
= $olidity required. 5 


E RR ATA. 


Page 9. line 13; for, fig. 22, read fig. 2. 

| 52. line 11; for, DG, read B; G. 
86. line 9; for, 400 square, read 400 = square. 
id. line 10; for, 289 square, read 289 = square. 


116. line q; for, 400 — 314.1600, read 400 = 314. 1600. 


125. line 18; for, 31.4140, read 31.4160. 

151. line 8; for, 35.937 cube, read 35.637 = cube. 
160. line 20; for, will 42.8, read will be 42.8. 

170. line 4 from bottom; for, . 7853, read. 7854. 
175. line 5 from bottom; for, fig. 6, read fig. 7. 


| * 
1 


* 
Sp co 


(| 
. 
44*—ů —kękĩk——— —Em—ñ—ů— 


wap re 


* , * 3 . 
oh er * SED 


i IN 


6 GT 
1 
1 


War MM jy Ay) Ni 
ee [ 
I Wo e A e 


8 


Ss 
* 


8 


d 8 
— —äͤ—— — — —u—y— — 


— — — — * 


— 09a yo one — 
2 


6 


— 


— — 


— — 


© 
* 
— 


> 


D 1 7 


* 
* 


* 


3 
* ; 


= 


& 


þ 


— 


ane 


. 
1 
3 


3 
7 


18 


17 


j 


4 
$3: P 


* 


— — 


* . 


FP rr 


[/ 
5 D 
ET, 


»| 
5 
. 

ff, 1 * 
= on : | 5 ? | " 
B- 8 8 S ITT 
" f 
| * 


* 5 
* —_ 

- 

$*+56>+9 

-» 

COTTI 

* 

. 


N 


_ 


% 


—_— ver 92. 
—— * "OR 


— 


Nee £6. 


* 


oy 


5 „ 
e „ 
400 8 

a 

9 


cone? 
n 
„%% a. 


2 
„%%. 


3 
„ 
„6 


1 N 9 
dee 6 
. 
„„ 
%%, „ 


Nele gc. 


— g 


— —— 0 
. 


W 
9 
A 8 


— 


out 


— 
* 


„ 
e 
ny 
— 


4, 


8 Y es ea vw» 
„% 


« 
„ 

„„ 

„ 


2 * 


* 
2 * 
4 $** 349 44 


* 
5 


. 


7 
r 
* 


* 
. 
*. 
* 03 6255 


„%%%. 
A. **2.4 2 
4 


i 


Py es 
* 


29 now 
B 00 0006 S06v00068< 99 — 


—— an. 
LOR 


— 


4 


. 
COT LILIES 


A 6 


* 5 gar” 
. N 
— PIES „ 
+++ 144 4 — 
. on 
*. .. 
*, - * 
. 
os, 
*%. 
9. 
*, 
i 
i 
7 
. 


L 


— 
—U— 2 — 


1 
oo” 


4 


e FE. 


-* cu _—_— ”- 


1 


3 


„4. 


7 
34 „%%% 


L. 


* on wa 


392 * 


8 


—— — * 


_— 


AIILIEEI 
- 


os —— 


1 


G 


o 
* 


| 
| 
| 


n 
D 


at 


1 — 


Nein iin 
, + 3 + 1 ny N 
119011 — — Den 111 
Ih! FEELL +\ 14 ; : 
iini 15 iin 
1 1945434 In!“ — - 
in N . IIS — D 
; 111 8 
1 — n — 8 Ded — 
> oo KS» S55I> n GEARS 8 
> POOP 
N 
YYSES 
S 


Menn! 


r 
8 
* 


11114 i 1111 i 
Nine 11 ' 123044 44 Ain 
n Amn i inn D 8 JV 
[ LET ELEERVEE TS Nun Hmm 11164 DH O 
1 if lf 4 (hot! ji 11 ti! 10 it $ 144 1 WV NN I 
itt 13G4 $041 IT innen 111 #14 ' N WV DJ N N 
: I41 : ! ' 1 : 1 ' : * 


Lil 


THT 


- re rene n — 
1 
? — —— nn - 1 
1 ' : ——— — — 
e 5 —— —[——ñ—ñ—ñ—'. ü— . —ů—ů— 
* v4 4 


1 
vil 


— 


— — — — 


75 7 


, Ht, | 7 7 

, Wh ll 6 

% %% 6% 7 

, 
eee 


Wl S s 
2 r 8 
il | 1 - mal F 
10 | ' 
9 M's | Ba . 
, , i | | | k 
. j | | | By 1 I | 2 
#, [4 al 
, 11 _ 0.208 | * il 
._ "A 0 | 8 0 8 
e EE 0 
; OE 5 | 5 ; EE | ee 67999 : ee 
N . ; 2 2E | MN — 


« & : 
3 ; N 0 
3 . 8 ; 
by » 
fn 

, g & : . 

0 : 

; < ; 

x 
* — —————_—_— — + * 
: 3 


jj 
(/ 


RE | 33 
| KR 
+ 0 al Wi | | 100 
| | | ha 
| = LT 2 8 
— 
— by 5 


63 


632 


= eco co” 


_” cc <a 


7 * 


/ 


——— — + T7 
Se - 
7 * 


* 


- 


— 


- 
—————ů — — 


* 
* 


Wl 
7 


wh 


4 


4 


| 


| 


27 


V 
17 
7 4 


i] 
N 8 


fs | 


| 


LN, 
WB 


lll 


\ 
* 


HAM 
I 100 ; 
* 


1 
4 


OY 


Thkl 


. 
© 2, 222 , —— — co ca. — 


0. 


KW 


| 
i 
| 


THI - 


— . — . ſ— ͤ ——— . — 


; W 


* 
4 


1 2 * 


lik 


1 
Bill 


[| 


} 


Ulf 


/& 


©» Lees 2 


« N Wy WN 
WW d WIN \ ! 
, A WO \ \ N \\\ N 
8 1 | | le 
x {1118 - — — — 8 We : 
5 . HEE — - ” „ 


Wil... 
t: 


0 
| 


I 


5. 1 


* 
. 
„ 


- 
„ 


4 
U 
[ 
1 
[ 
i 
i 


* 
1 * A 
=== * 
» — — ö — — 880 
: == „ N. 
— Wl Milt 
hi «iP N ' / 7 © 
0% | if | 
1; = 2 1 0 
— N ' ' — 
5 8 4 Lo — 
8 


, —— ho 
- 
0 8 „ 7 *.. 
. > 1 a * » 
£ 0 » U G G PX co . 
£S * g : . 
. f 5 5 
F 6 5 
a a * ” » 2 
p . 


7 


, 7 6 | | þ BY 


4 p” | * | 


. i ſ 


0 - . WES $ 
- = \ 

* n ” as. | | 

* 7 75 3 ; 
F | * 
| ö 1 

” * * : * 
ut . pf | 


4 
* Bl 


F 


12 


8 


il 5 


— — — 
— —— 
— — — 
— —— 
- — — — 0 — 


== 
. 1 
5 | I 
- oa s f 1 f 
2 | } > 
== EE = 6 We Fl 1 | 4 ' 3 
= — — \ i, 0 1 11 : { i 111 [ [ 
— = — —— k [4 $644 1704 ' [! T1 { "it 
— —— D TN %% 4 e *lf 
—— — —_— : "tt fit " , Tl il ' 2 
= * —— - : \ ji i, \ j ! i i ö 70 & 1 
== = = — 0 1 118 1 nally 
== = — nn NR * 
— —.— * i ' [ | ne ' i | 
— — — 141 Ai | FT OT OOH 
== — oy. — ji! TH) ABEL Hs wo ; ; F 
—— = f © mn I, l 1014 PROS 
— - — 2 EG = I!. 55 * 
r — —.— — — 5 1 4 | . 
—— — I ESSE ECCS — TS. d jo } * 2 5 | 
— B ———ß—5ß— TS = — 10666. 7 
— a - — d 101; it MUNI 4 | 
— — b 1 i N 
= == 1 "nm WENT = 77 
= 1 Nen „05 + if 
* 1 i | | 
— ES „ je ITY 
0 | 4 117 * 
o | We. v 1,19 12 
82 8 105 THUS 2 
14 K, / 's 
o MANY PIE » : * 
17 R + 12 
= —. il", - een 
- LH ny 0 
J | AMR N 
14 Ib. ö 44 ] 
0 j „ * « 
Th Wi B's d 
{ \ 


0 


| 
i 
i! it 
Wl M 
TTL 1 
: 
F 1 
[ 1 
© rence ' "mi | 
LLC TRUER RAP TECTAEHIRLE RG UHHY 
} 0 
$134 — KK 
; . 
Mn 
t 
Man | 
U $33? 
1 Wl 


MPA wi fs all A = 
„ ö "i 0 10 in 10 
| 190 6 | |; i li | 
I | ! 0 9 1 | 


3 - | ? : 
11111. 4 
4 : | iN 
| el 
" | 
i . : 
1 ! / 
R ; | 
Mi : 4 
ul [it j 1 "" 
60 M 1 i | 
j 10 143487 
il Wh iN | 
0 HEN: 64 
i : | 
ſ / NMI |; 
1 
Me | 
| ' | 
U | ! f N 4 


A 
/ "wn / 
: a | 
| ö | Wh 
ji!) 1601 ih n [ | Sf tit! i g l 
' jt! "1 ” N j | 2 17 | [1 " ' . [| 1 
Wi} int, : | | 
4 ij "1 } 14 i! | 
WRAP lil 11H N ö 
WONT ' if 10 * ,, ö 
5 WWW 1 [1814 . SA 
161 MI i ti " 4 | | lj | 
0 ee 3 | 
, | | | 
thi . ; 
| þ | 
ö 1 


"- "— 
= —— __ 
: — — — - - — 
HE == = = 
—L 
= — 
ä ̃—— 
= 
- = 
— = 
—— 
— 2 
3; 


N ͤ—4—o3 PP OH DS »— A＋ꝶÿ·ꝛ„ẽ. .. %kůAnnlilddd kk 


